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F o r e w o r d
iv
In my welcoming message p r i n t e d in t h e
program f o r t h i s workshop, I made r e f e r e n c e t o
t h e i m p o r t a n t r o l e g r a i n legumes p l a y i n human
n u t r i t i o n i n t h e s e m i - a r i d t r o p i c s and t h e
d i s t u r b i n g consequences o f t h e t r e n d o f
d i m i n i s h i n g p r o d u c t i o n o f these v i t a l p r o t e i n
sources as t h e laws of economics f o r c e farmers
t o s w i t c h t o h i g h - y i e l d i n g c e r e a l s and o t h e r
a l t e r n a t e c r o p s .
I mentioned t h a t awareness of t h e s e
f a c t o r s was one o f t h e b a s i c m o t i v a t i o n s t h a t
l e d t h e p a r t i c i p a n t s t o accept our i n v i t a t i o n
t o j o i n t h i s workshop and t o share t h e i r ideas
and e x p e r i e n c e . I thanked them in advance f o r
t h e i r h i g h degree o f enthusiasm and d e d i c a t i o n
t o t h e t a s k s ahead o f them.
I a m pleased t o r e p o r t t h a t t h e q u a l i t y
o f p r e s e n t a t i o n s , depth o f d i s c u s s i o n and
r e v i e w and p a r t i c u l a r l y t h e work r e f l e c t e d i n
t h e r e p o r t s o f t h e v a r i o u s d i s c u s s i o n groups
was o u t s t a n d i n g and went beyond our expecta-
t i o n s i n p r o v i d i n g m o t i v a t i o n and guidance t o
our p u l s e improvement program.
I t i s o u r hope t h a t t h i s p u b l i c a t i o n w i l l
s t i m u l a t e c o n t i n u e d d i a l o g and b r i n g about
f u r t h e r c o l l a b o r a t i o n between g r a i n legume
r e s e a r c h e r s t h r o u g h o u t t h e w o r l d .
R.W. Cummings, d i r e c t o r
I n t e r n a t i o n a l Crops Research I n s t i t u t e




I c o n s i d e r i t a g r e a t p r i v i l e g e t o have t h i s o p p o r t u n i t y o f w e l c o m i n g y o u t o
t h e f i r s t I n t e r n a t i o n a l Workshop on G r a i n Legumes o r g a n i z e d by ICRISAT. ICRISAT
has a w o r l d w i d e r e s p o n s i b i l i t y f o r r e s e a r c h o n t h e two g r a i n l e g u m e s — p i g e o n p e a s
and c h i c k p e a s — w h i c h occupy t h e most i m p o r t a n t p o s i t i o n i n t h e d i e t o f t h e p e o p l e
l i v i n g i n t h e s e m i - a r i d t r o p i c s . W e a r e l i m i t i n g t h e scope o f t h e w o r k s h o p t o
t h e s e two c r o p s because t h e y a r e m o s t l y consumed w i t h sorghum, m i l l e t and o t h e r
c e r e a l s , and s e r v e a s t h e main s o u r c e o f p r o t e i n f o r b a l a n c i n g d i e t s o f t h e p e o p l e
l i v i n g i n t h e s e m i - a r i d t r o p i c s .
I a m s u r e most o f y o u have e x p e r i e n c e d i n t h e l a s t two y e a r s t h e e f f e c t o f h i g h
p r i c e s o f meat and a r e f a m i l i a r w i t h t h e u n f a v o r a b l e g r a i n - t o - m e a t c o n v e r s i o n r a t i o .
You can now a p p r e c i a t e t h a t t h e g r a i n legumes o f f e r g r e a t e r hope f o r b a l a n c i n g d i e t s
o f human b e i n g s , p a r t i c u l a r l y i n d e v e l o p i n g c o u n t r i e s . Thus, any e f f o r t s made i n
i m p r o v i n g t h e s e c r o p s w i l l be a h e l p t o t h e l a r g e s t number o f t h e p e o p l e s t r u g g l i n g
w i t h m a l n u t r i t i o n and s t a r v a t i o n .
I need h a r d l y emphasize how i m p o r t a n t b o t h o f t h e s e g r a i n legumes a r e f o r a l l
t h e sem1-ar1d t r o p i c a l c o u n t r i e s , p a r t i c u l a r l y I n d i a . N i n e t y - t w o p e r c e n t o f t h e
w o r l d ' s p r o d u c t i o n o f pigeonpeas and e i g h t y - t w o p e r c e n t o f c h i c k p e a s i s grown i n
I n d i a . The d e c r e a s e i n p r o d u c t i o n and s h r i n k a g e i n a c r e a g e o f t h e s e c r o p s i n t h e
l a s t decade a s a consequence o f t h e g r e e n r e v o l u t i o n i s a cause f o r g r e a t c o n c e r n .
Because o f t h e i r low y i e l d p o t e n t i a l , even under i r r i g a t i o n , p i g e o n p e a s and
c h i c k p e a s a r e i n a n u n f a v o r a b l e p o s i t i o n t o compete w i t h h i g h e r p a y i n g c e r e a l s .
The p u l s e c r o p s have been pushed t o m a r g i n a l s o i l s w i t h n o i r r i g a t i o n w h i c h a r e t h e
main a r e a s o f t h e i r p r o d u c t i o n . The main problems o f t h e s e c r o p s a r e :
1 . Low y i e l d p o t e n t i a l and i n s t a b i l i t y o f y i e l d ;
2 . Lack o f a d e q u a t e r e s e a r c h o n b r e e d i n g , agronomy, e n t o m o l o g y , p a t h o l o g y ,
g r a i n q u a l i t y , consumer a c c e p t a n c e and c o o k i n g q u a l i t y ;
3 . I n a d e q u a t e c o l l e c t i o n o f g e n e t i c r e s o u r c e s .
I hope I w i l l n o t be m i s u n d e r s t o o d i f I say t h a t t h e s e c r o p s have been
n e g l e c t e d and need a m a s s i v e i n j e c t i o n o f t e c h n o l o g i c a l i n p u t s t o g i v e quantum
jumps i n p r o d u c t i o n p e r u n i t o f a r e a and p e r u n i t o f t i m e i n t h e s e m i - a r i d t r o p i c s .
Most o f t h e s e c r o p s w i l l c o n t i n u e t o be grown under u n i r r i g a t e d c o n d i t i o n s , b u t i f
a b r e a k t h r o u g h 1 n y i e l d i s o b t a i n e d , t h e y can r e p l a c e , compete s u c c e s s f u l l y o r f i t
I n t o c r o p r o t a t i o n s even under i r r i g a t e d c o n d i t i o n s t o m a x i m i z e r e t u r n s t o f a r m e r s
and b r i d g e t h e p r o t e i n gap.
Pigeonpea 1 s m o s t l y c u l t i v a t e d a s a n i n t e r c r o p , o r a m i x e d c r o p , and forms a n
i n t e g r a l p a r t o f d i e t s based o n r i c e o r sorghum. I t has such a p l a s t i c i t y t h a t even
i n d r o u g h t y e a r s when o t h e r c r o p s f a i l , i t 1s c a p a b l e o f p r o d u c i n g some y i e l d s .
A s s o c i a t e D i r e c t o r , I n t e r n a t i o n a l Crops Research I n s t i t u t e f o r t h e S e m i - A r i d
T r o p i c s , Hyderabad, I n d i a
v
P h y s i o l o g i s t s r e a l i z e t h a t because o f t h i s p l a s t i c i t y , p i g e o n p e a can f i t I n t o
I n t e r c r o p p i n g systems w i t h a l a r g e number o f c r o p s commonly grown i n t h e s e m i - a r i d
t r o p i c s . W e have y e t t o l e a r n more a b o u t t h e g r o w t h h a b i t s o f t h i s p l a n t i n
r e l a t i o n t o m o i s t u r e s t r e s s , w i n d d i r e c t i o n , n u t r i e n t s t r e s s and o t h e r s o i l e n v i -
r o n m e n t a l s t r e s s e s i n c l u d i n g s a l i n i t y , a l k a l i n i t y and p o o r s o i l s t r u c t u r e .
S c i e n t i s t s f e e l t h a t t h e v a r i e t i e s w e have a r e n o t ve r y r e s p o n s i v e t o f e r -
t i l i z e r s . Can w e e x p e c t l a r g e y i e l d i n c r e a s e s w i t h o u t i n t r o d u c i n g h i g h r e s p o n s i v e -
ness t o f e r t i l i z e r s ? Are w e l o o k i n g f o r n i t r o g e n r e s p o n s i v e n e s s o r p h o s p h a t e
r e s p o n s i v e n e s s ? I s t h e a n a l o g y o f wheat and r i c e t o p i g e o n p e a m e a n i n g f u l ? Can w e
d e v e l o p v a r i e t i e s w h i c h , w i t h l o w i n p u t s o f f e r t i l i z e r s and manures, g i v e f a i r l y
h i g h y i e l d s ?
W h i l e i n I n d i a p i g e o n p e a i s e x c l u s i v e l y used as a d h a l , in many c o u n t r i e s i t i s
e a t e n as g r e e n pods o r has o t h e r c u l i n a r y u s e s . What b r e e d i n g s t r a t e g y w i l l be
s u i t a b l e f o r t a k i n g a l t e r n a t e uses i n t o a c c o u n t ?
Diseases l i k e w i l t and p e s t s l i k e pod b o r e r s pose a n o t h e r d i f f i c u l t p r o b l e m in 
p r o d u c t i o n o f p i g e o n p e a a s w e l l a s c h i c k p e a . For o b v i o u s r e a s o n s , p e s t i c i d e - b a s e d
t e c h n o l o g y may be d i f f i c u l t t o p o p u l a r i z e i n t h e s e m i - a r i d t r o p i c s . What a r e t h e
a l t e r n a t i v e s ? I s i n t e g r a t e d p e s t management o r b r e e d i n g f o r p e s t r e s i s t a n c e t h e
answer? Has r e s e a r c h i n t h i s d i r e c t i o n succeeded w i t h o t h e r c r o p s ? What is t h e
b e s t s t r a t e g y f o r ICRISAT?
Our s c i e n t i s t s f e e l t h a t medium d u r a t i o n v a r i e t i e s s h o u l d r e c e i v e m a j o r
a t t e n t i o n , v e r y e a r l y v a r i e t i e s , w h i c h w i l l c r e a t e a new e q u a t i o n w i t h d i s e a s e s and
p e s t s , c a l l f o r a p e s t i c i d e u m b r e l l a and cause some s e r i o u s p r o b l e m s . Whether
i d e o t y p e i s a c u r i o s i t y o r a n e c e s s i t y i s s t i l l an open q u e s t i o n . Our s c i e n t i s t s
f e e l t h a t i n c r e a s i n g t h e y i e l d l e v e l and i m m u n i z a t i o n a g a i n s t d i s e a s e s , p e s t and
a b e r r a n t w e a t h e r a r e o u r m a j o r g o a l s . Can w e e v o l v e v a r i e t i e s w h i c h a r e s u i t a b l e
f o r i n t e r c r o p p i n g w i t h sorghum and m i l l e t and w h i c h a r e c a p a b l e o f g i v i n g maximum
t o t a l p r o d u c t i o n p e r a c r e p e r y e a r ?
Chickpea 1s c a l l e d t h e bean o f t h e a n c i e n t w o r l d . I t p r o d u c e s a maximum r e t u r n
o f n o u r i s h m e n t f o r minimum e x p e n d i t u r e o f money o r e f f o r t . I t produces an a v e r a g e
o f 126 k g p r o t e i n f r o m one h e c t a r e . I t i s p r o b a b l y t h e h i g h e s t y i e l d i n g o f any
legume g r a i n e x c e p t g r o u n d n u t s and soybeans. One h u n d r e d grams o f c h i c k p e a p r o v i d e s
358 c a l o r i e s , more t h a n any o t h e r legume e x c e p t g r o u n d n u t and l u p i n e seeds.
The h i g h n u t r i t i o n a l y i e l d makes c h i c k p e a a p a r t i c u l a r l y i m p o r t a n t f o o d i n
f a m i n e a r e a s . I f one draws a map o f t h e w o r l d ' s most dense a r e a s o f c h i c k p e a
c o n s u m p t i o n o r p r o d u c t i o n , one w o u l d a l s o o b t a i n a map o f t h e w o r l d ' s p o v e r t y - p r o n e
a r e a s . G i v e a man c h i c k p e a and w a t e r and he can s u r v i v e even under t h e most
d i f f i c u l t c o n d i t i o n s . A r m ies have f o u g h t w i t h t h e main r a t i o n o f p a r c h e d c h i c k p e a
and a c h i e v e d u n b e l i e v a b l e r e s u l t s .
Chickpea i s a l s o c r e d i t e d w i t h m e d i c i n a l p r o p e r t i e s . Many r e c i p e s i n t h e
M i d d l e East and i n I n d i a a r e based o n c h i c k p e a because o f i t s n u t r i t i o n a l and o t h e r
q u a l i t i e s . I n I n d i a n v i l l a g e s , g e r m i n a t i n g c h i c k p e a s and j a g g e r y a r e d i s t r i b u t e d t o
t h e f a m i l i e s a t t h e t i m e o f c e l e b r a t i o n o f t h e b i r t h o f a c h i l d .
C h i c k p e a is m o s t l y grown as a p u r e c r o p a l t h o u g h some is grown as a m i x e d and
i n t e r c r o p . W i l t i s a s e r i o u s p r o b l e m i n c h i c k p e a p r o d u c t i o n . Whether w i l t i s
p h y s i o l o g i c a l o r p a t h o l o g i c a l and r e l a t e d t o s o i l e n v i r o n m e n t s o r f u n g i 1s s t i l l an
open q u e s t i o n .
The ICRISAT c h i c k p e a Improvement p r o g r a m has a c c e l e r a t e d t h e b r e e d i n g w o r k b y
t a k i n g two s u c c e s s f u l c r o p s i n a y e a r i n d i f f e r e n t seasons a t t w o d i f f e r e n t s i t e s .
However, t h e c r o s s i n g work is t e d i o u s and l a b o r - i n t e n s i v e . L e t us c r i t i c a l l y
examine t h e s t r a t e g y w h i c h K.B. S i n g h and A.K. A u c k l a n d a r e p r o p o s i n g . T h i s c r o p
has s u f f e r e d c o m p e t i t i o n f r o m t h e g r e e n r e v o l u t i o n i n w h e a t , b u t i t s p i v o t a l p o s i -
t i o n in t h e human d i e t and its m u l t i f a r i o u s uses makes it a very p r o m i s i n g , r a t h e r
an i n d i s p e n s a b l e , c r o p in t h e economy o f t h e s e m i - a r i d t r o p i c s w i t h s l i g h t l y c o o l e r
t e m p e r a t u r e s .
vi
Our f i r s t g o a l s a r e h i g h y i e l d and s t a b l e y i e l d . Research on q u a l i t y o f t h e
g r a i n and amino a c i d p r o f i l e o f t h e p r o t e i n s w i l l a l s o be g i v e n a h i g h p r i o r i t y .
W e b e l i e v e t h a t y i e l d s h o u l d b e c o n s i s t e n t w i t h q u a l i t y , b u t w e r e a l i z e t h a t u n l e s s
w e have s p e c t a c u l a r quantum jumps i n y i e l d o f t h e s e c r o p s , w e c a n n o t a c h i e v e a 
b r e a k t h r o u g h i n t h e i r p r o d u c t i o n . Thus, o u r f i r s t g o a l i s y i e l d a t a c o n s t a n t
q u a l i t y . Our main t a r g e t i s t o i n c r e a s e p r o d u c t i o n o f p r o t e i n o f h i g h q u a l i t y p e r
u n i t o f a r e a per u n i t o f t i m e . W e w o u l d b e i n t e r e s t e d i f t h e w o r k s h o p p a r t i c i p a n t s
c o u l d g i v e u s l e a d s o n i m p r o v i n g l e v e l s o f m e t h i o n i n e , c y s t i n e and t r y p t o p h a n . Can
w e a c h i e v e t h i s g o a l w i t h o u t s a c r i f i c i n g y i e l d ?
Has r e s e a r c h p a i d t o o l i t t l e a t t e n t i o n t o t h e c o o k i n g q u a l i t y , m i l l i n g q u a l i t y
and consumer a c c e p t a n c e o f g r a i n legumes? Can w e d e c i d e o n a s u i t a b l e s t r a t e g y i n
t h i s case?
Keen i n t e r e s t e x i s t s i n g r a i n legume r e s e a r c h . The number o f s y m p o s i a ,
c o l l o q u i a , s e m i n a r s , and c o n f e r e n c e s h e l d o r b e i n g h e l d i n d i f f e r e n t i n s t i t u t e s and
o r g a n i z a t i o n s i n r e c e n t y e a r s d e m o n s t r a t e s t h i s i n t e r e s t . B u t t h i s w o r kshop w i l l
n o t be a n o t h e r m e e t i n g m e r e l y s w e l l i n g t h e l i s t o f such g a t h e r i n g s . We have s e t
b e f o r e y o u a few o b j e c t i v e s w h i c h e x p l a i n f u l l y t h e p u r p o s e o f t h e w o r k s h o p . These
a r e :
1 . T o i d e n t i f y b r e e d i n g p r i o r i t i e s r e l a t e d t o t h e p r o b l e m s l i m i t i n g p o t e n t i a l
and s t a b i l i t y o f y i e l d i n pigeonpeas and c h i c k p e a s .
2 . T o r e v i e w t h e c o n c e p t s and t e c h n i q u e s o f c r o p improvement s u i t e d t o g r a i n
legumes, p a r t i c u l a r l y p i g e o n p e a s and c h i c k p e a s .
3 . T o c o n s i d e r p r e s e r v a t i o n , e v a l u a t i o n and u t i l i z a t i o n o f w o r l d ' s g e n e t i c
r e s o u r c e s o f pigeonpeas and c h i c k p e a s .
4. To i d e n t i f y a r e a s o f c o o p e r a t i v e e f f o r t among b r e e d e r s o f p i g e o n p e a s and
c h i c k p e a s .
I w i s h t o emphasize t h a t o u r s c i e n t i s t s seek y o u r c r i t i c a l comments on t h e i r
a p p r o a c h w i t h r e s p e c t t o pigeonpea and c h i c k p e a b r e e d i n g . W e a l s o w i s h t o e s t a b l i s h
l i n k s f o r c o o p e r a t i v e work t h r o u g h o u t t h e s e m i - a r i d t r o p i c s . We know t h a t by j o i n t
e f f o r t s w e can a c h i e v e o u r g o a l s more q u i c k l y .
I hope t h a t t h e s e d e l i b e r a t i o n s w i l l g i v e us c l e a r - c u t i d e a s a b o u t t h e s t r a t e g y
f o r c r o p improvement i n p i g e o n p e a and c h i c k p e a and e s t a b l i s h a c o o p e r a t i v e r e s e a r c h
p r o g r a m f o r a b r e a k t h r o u g h i n p r o d u c t i o n o f t h e s e g r a i n legumes w h i c h a r e h i g h e s t
o n o u r p r i o r i t y l i s t .
v i i
PARTICIPANTS
1 . D r . E w e r t Abe rg
P r o f e s s o r and Head
D e p a r t m e n t o f P l a n t Husbandry
A g r i c u l t u r a l C o l l e g e o f Sweden
Uppsa la 7 , Sweden S-75007
2 . D r . Raul Abrams
Head, Agrononiy Department
F a c u l t y o f A g r i c u l t u r e
U n i v e r s i t y o f P u e r t o R i c o
Mayaguez, P u e r t o Rico 00708
3. Dr. R.P. Ariyanayagam
P l a n t Breeder
Pigeonpea Program
U n i v e r s i t y o f West I n d i e s
S t . A u g u s t i n e , T r i n i d a d
West I n d i e s
4. Dr. Taye Bezuneh
D i r e c t o r
Debre-2e1t Agr. Exp. S t a t i o n
C o l l e g e o f A g r i c u l t u r e
H a i l e S e l l a s s l e I U n i v e r s i t y
P.O. Box 32
D e b r e - Z e i t , E t h i o p i a
5. Dr. S a t i s h Chandra
S e n i o r P l a n t B r e e d e r
D1v. of G e n e t i c s & P l a n t P h y s i o l o g y
C e n t r a l S o i l S a l i n i t y Res. I n s t .
K a r n a l - 132001, Haryana, I n d i a
6. Dr. E r i c J. C o r b i n
R e g i o n a l Research O f f i c e r
A g r i c u l t u r a l Research I n s t i t u t e
Department o f A g r i c u l t u r e
Wagga Wagga, 2650 New South Wales
A u s t r a l i a
7. Dr. Jose I g n a c i o Cubero
I n s t i t u t o N a c i o n a l d e I n v e s t i g a c i o n e s
A g r a r i a s
C e n t r o Regional de A n d a l u c i a
A p a r t a d o 240
Cordoba, Spain
8. Dr. P e t e r J. D a r t
S o i l M i c r o b i o l o g y Department
Rothamsted Exp. S t a t i o n
Harpenden, H e r t s
England
9. Doc. Dr. D1dar Eser
P l a n t Growing and B r e e d i n g Department
F a c u l t y o f A g r i c u l t u r e
U n i v e r s i t y o f Ankara
A n k a r a ,
T u r k e y
10. Dr. K.J. Frey
P r o f e s s o r o f P l a n t B r e e d i n g
Department o f Agronomy




11 . Dr. E.E. H a r t w i g
Research A g r o n o m i s t
Soybean P r o d u c t i o n Research
D e l t a Branch Exp. S t a t i o n
Agr. Res. S e r v i c e , USDA
S t o n e v i l l e , M i s s i s s i p p i 38776
U.S.A.
12. Dr. G.C. H a w t i n
A r i d Lands Agr. Dev. Program
The Ford F o u n d a t i o n
P.O. Box 2379
B e i r u t , Lebanon
13. Dr. L.R. House
A r i d Lands Agr. Dev. Program
The Ford F o u n d a t i o n
P.O. Box 2379
B e i r u t , Lebanon
14. Dr. J.H. Hulse
Program D i r e c t o r
A g r . , Food & N u t r i t i o n Sciences
I n t e r n a t i o n a l Dev. Res. C e n t r e
Box 8500
O t t a w a , Canada K1G 3H9
15. Dr. J . J a f f a r i
P l a n t Breeder
F a c u l t y o f A g r i c u l t u r e
U n i v e r s i t y o f Tehran
K a r a j , I r a n
16. Dr. H.K. J a i n
J a w a h a r l a l Nehru F e l l o w
D i v i s i o n o f G e n e t i c s
I n d i a n Agr. Res. I n s t i t u t e
New D e l h i - 110012, I n d i a
17. Dr. W a l t e r J . K a i s e r
Head, D i v . o f P l a n t Q u a r a n t i n e S e r v i c e s
East A f r i c a n Agr. & F o r e s t r y Res. Org.
P.O. Box 30148
Nai r o b i , Kenya
18. Dr. B.R. M u r t y
P r o j e c t C o o r d i n a t o r { M i l l e t s ) and
I n t e r n a t i o n a l C o o r d i n a t o r B i o l o g y o f
A d a p t a t i o n , IBP ( C 1 c e r )
I n d i a n Agr. Res. I n s t i t u t e
New D e l h i - 110012, I n d i a
viii
D r . B . P . P a n d y a
Pu l se G e n e t i c i s t
G.B. Pant U n i v . o f A g r . & T e c h .
P a n t n a g a r , D i s t . N a i n t t a l
U t t a r P r a d e s h , I n d i a
Dr. P. Pushpamma
P r o f e s s o r of Food and N u t r i t i o n & 
P r i n c i p a l , C o l l e g e o f Home Science
A.P. A g r i c u l t u r a l U n i v e r s i t y
Khaliratabad
Hyderabad - 500004, A.P., I n d i a
Dr. K.O. Rachie
A s s i s t a n t D i r e c t o r
G r a i n Legume Imp. Program
I n t e r n a t i o n a l I n s t i t u t e o f T r o p i c a l
A g r i c u l t u r e
Oyo Road, P.M.B. 5320
Iba d a n , N i g e r i a
Dr. S. Ramanujam
C o o r d i n a t o r , Pulse Imp. P r o j e c t
D i v i s i o n o f G e n e t i c s
I n d i a n Agr. Res. I n s t i t u t e
New D e l h i - 110012, I n d i a
P r o f . Dr. S. Rehm
I n s t i t u t f u r T r o p i s c h e n und
S u b t r o p i s c h e n Pflanzenbau
d e r U n i v e r s i t a t G o t t i n g e n
34 G o t t i n g e n
G r i s e b a c h s t r a B e 6 
West Germany
Dr. W. Vernon Royes
M i n i s t r y o f A g r i c u l t u r e
Hope Gardens
P.O. Box 113
K i n g s t o n - 7 , Jamaica
West I n d i e s
Dr. M.C. Saxena
P r o f e s s o r of Agronomy and C o o r d i n a t o r
(Soybean)
G.B. Pant Univ. of Agr. & Tech.
Pantnagar, D i s t . N a i n i t a l
U t t a r Pradesh, I n d i a
26. Dr. S.G. Sr1kant1a
D i r e c t o r
N a t i o n a l I n s t i t u t e o f N u t r i t i o n
Jamai-Osmania
Hyderabad - 500007, A.P., I n d i a
27. Dr. D. Wynne Thorne
D i r e c t o r
A g r i c u l t u r a l Experiment S t a t i o n
Utah S t a t e U n i v e r s i t y
Logan, Utah 84322
U.S.A.
28. Dr. E.S. W a l l i s
Department o f A g r i c u l t u r e
U n i v e r s i t y o f Queensland
S t . L u c i a , B r i s b a n e 4067
A u s t r a l i a
ICRISAT Personnel
1. Dr. R.W. Cummings, D i r e c t o r
2. Dr. J.S. Kanwar, A s s o c i a t e D i r e c t o r
(Chairman of Workshop)
3. Dr. J.M. Green, Pigeonpea Breeder
4. Dr. A.K. A u c k l a n d , Chickpea Breeder
5. Dr. H. D o g g e t t , Sorghum Breeder
6. Dr. K.B. S i n g h , A s s o c i a t e Chickpea Breeder
7. Dr. D. Sharma, A s s o c i a t e Pigeonpea Breeder
8. Dr. J.C. D a v i e s , E n t o m o l o g i s t
9. Dr. Y.L. Nene, P l a n t P a t h o l o g i s t
10. Dr. R. Jambunathan, B i o c h e m i s t
11. Dr. A.R. S h e l d r a k e , Pulse P h y s i o l o g i s t
12. Dr. L.J.G. van der Maesen, Germplasm











CHICKPEA BREEDING AT ICRISAT
K. B. Singh and A. K. Auck land 1
INTRODUCTION
Origin and Distribution
C i c e r a r i e t i n u m L (2n=16, n=8) known by
t h e common names c h i c k p e a , garbanzo beans,
gram, hommes, i s n o t known in a w i l d s t a t e ,
b u t is found as an escape in Mesopotamia and
P a l e s t i n e . I t appears t o have o r i g i n a t e d i n
w e s t e r n A s i a and t o have spread a t a n e a r l y
d a t e to I n d i a and Europe. The c r o p was
known to t h e a n c i e n t E g y p t i a n s , Hebrews and
Greeks. I t has been i n t r o d u c e d i n r e c e n t
times t o t r o p i c a l A f r i c a , C e n t r a l and South
America, South East A s i a and A u s t r a l i a .
D e t a i l e d i n f o r m a t i o n on c h i c k p e a can be found
in Pulse Crops of I n d i a ( A r g i k e r 1970) and a 
monograph on t h e genus C i c e r by van der
Maesen ( 1 9 7 2 ) .
Production
Chickpea i s t h e w o r l d ' s t h i r d p u l s e c r o p ,
f i f t h f o o d legume and f i f t e e n t h g r a i n c r o p o f
t h e w o r l d (FAO P r o d u c t i o n Year book 1 9 7 2 ) .
The t o t a l w o r l d a rea under t h e c r o p i s e s t i -
mated a s 10 .54 m i l l i o n h e c t a r e s ( F i g u r e 1 )
and i t i s grown i n 3 1 c o u n t r i e s i n A s i a ,
A f r i c a , C e n t r a l Amer ica and Europe ( T a b l e s 1 
and 2 ) . I n d i a has n e a r l y 74% o f t h e w o r l d
a c r e a g e and t o t a l p r o d u c t i o n . O the r c o u n -
t r i e s where t h e c r o p i s i m p o r t a n t a r e , 1 n
d e s c e n d i n g o r d e r , P a k i s t a n , E t h i o p i a , M e x i c o ,
Burma, S p a i n , Morocco , T u r k e y , I r a n and
T a n z a n i a . Most o f t h e c r o p i s consumed l o c a l -
l y and t h e e x p o r t t r a d e i s m i n i m a l .
Uses and Chemical Composition
of Seed
Chickpea is t h e most i m p o r t a n t p u l s e of
I n d i a . The whole d r i e d seeds a r e cooked o r
b o i l e d i n t h e f o r m o f d h a l , which i s prepared
b y s p l i t t i n g t h e seeds i n a m i l l and sepa-
r a t i n g t h e husk. Chickpea f l o u r i s p o p u l a r
t h r o u g h o u t t h e I n d i a n s u b c o n t i n e n t , and i s
one o f t h e c h i e f i n g r e d i e n t s o f many forms o f
I n d i a n c o n f e c t i o n e r y . Green seeds a r e eaten
raw or cooked, as a r e t h e l e a v e s , as a 
v e g e t a b l e . Dry stems and husks a r e f e d to
l i v e s t o c k . A n a c r i d l i q u i d f r o m t h e g l a n d u l a r
h a i r s is c o l l e c t e d by s p r e a d i n g a c l o t h over
t h e c r o p a t n i g h t , which absorbs t h e e x u d a t i o n
w i t h t h e dew: i t c o n t a i n s m a l i c and o x a l i c
a c i d and is used m e d i c i n a l l y and as v i n e g a r .
In Spain and N o r t h A f r i c a , seeds a r e soaked
o v e r n i g h t , b o i l e d f o r a n hour, and s o l d i n t h e
markets. In t h e Western Hemisphere, chickpeas
are canned c o m m e r c i a l l y .
The p r o t e i n and amino a c i d c o n t e n t o f
chickpeas and o t h e r g r a i n legumes and c e r e a l s
are g i v e n in Table 3. Harvey (1970) compiled
data o n t h e p r o t e i n c o m p o s i t i o n o f chickpeas
and compared i t w i t h human m i l k . Human m i l k
has a l o w e r c o n t e n t of most of t h e amino
a c i d s e x c e p t f o r p r o l i n e , t r y p t o p h a n e and
v a l i n e . However, m e t h i o n i n e and t r y p t o p h a n e
c o n t e n t of chickpea seems to be low. The
P.E.R. v a l u e o f chickpea seems t o be one o f
t h e h i g h e s t among t h e g r a i n legumes.
Husbandry
Chickpea i s c u l t i v a t e d a s a " w i n t e r "
c r o p i n t h e t r o p i c s and as a s p r i n g o r summer
cr o p i n temperate c l i m a t e s . I t i s p r i m a r i l y
a crop of low r a i n f a l l areas b u t g i v e s good
y i e l d s under i r r i g a t e d c o n d i t i o n s . Excessive
r a i n s soon a f t e r sowing, o r a t f l o w e r i n g , can
harm t h e c r o p . The advent of e a r l y "summer"
i n t h e t r o p i c s reduces t h e g r o w i n g p e r i o d ,
hastens m a t u r i t y and reduces y i e l d . I t i s
grown o n s o i l s r a n g i n g f r o m l i g h t sandy t o
heavy loam. I t i s s e n s i t i v e t o s a l i n e and
a l k a l i n e s o i l s , and h i g h p H i n h i b i t s nodule
f o r m a t i o n . Chickpea i s grown i n I n d i a a s a 
c o l d weather c r o p , e i t h e r i n a d m i x t u r e w i t h
c e r e a l s and o t h e r crops o r i n pure s t a n d ,
when t h e seed i s e i t h e r b r o a d c a s t o r p l a n t e d
in rows about 60 cm a p a r t . The h i g h e s t per
h e c t a r e p r o d u c t i o n i s i n Egypt (1667 k g under
1
 I n t e r n a t i o n a l Crops Research I n s t i t u t e f o r the Semi-Arid Tropics, Hyderabad, I n d i a
3
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Table 1. Area, Y ie ld and Production of Chickpea in the World
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Source : "F.A.O. PRODUCTION YEAR BOOK" * = Uno f f i c i a l Figure
Volume 26 1972 F = FAO estimate
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T a b l e 2. Area, Y i e l d and Production of Important Areas of Chickpea During 1972
I m p o r t a n t
a rea
I n d i a n
S u b c o n t i n e n t :
N o r t h A f r i c a :
M i d d l e E a s t :
E u r o p e :
C e n t r a l
A m e r i c a :
South
A m e r i c a :
Coun t r y
Bangladesh
Burma
I n d i a
P a k i s t a n
A l g e r i a
Egypt
E t h i o p i a
Morocco
Sudan
T u n i s i a
L i b y a
I r a n
I r a q
Jo rdan
Lebanon
S y r i a
Tu rkey
I s r a e l
B u l g a r i a
Greece
I t a l y
P o r t u g a l
Spa in
Y u g o s l a v i a
Mex ico
A r g e n t i n a
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P r o t e i n
%
1 7 . 1
2 2 . 3
2 4 . 0
2 4 . 0
2 5 . 1
19.7
2 4 . 6
2 4 . 9
2 2 . 0
2 8 . 2
4 3 . 2
11 .8
8 . 5




0 . 4 3
0 .43
0 . 3 8
0 . 9 8
0 .39
0 .43




















H e a l t h B u l l e t i n No.23 (1946)
N u t r i t i o n Res. L a b o r a t o r i e s ,
Coonoor ( S . I n d i a ) .
M e t h i o -
n i n e % 
0 . 1 1
0 .12
0 .09
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i r r i g a t i o n ) and t h e l o w e s t i n Tanzan ia (187
k g ) . I n I n d i a ave rage y i e l d s a r e abou t 700
k g / h a .
Two t y p e s o f c h i c k p e a a r e c u l t i v a t e d ;
sma l l seeded Deshi t y p e w i t h g e n e r a l l y brown
t o b r i g h t y e l l o w t e s t a c o l o r and l a r g e seeded
K a b u l i t y p e w i t h salmon w h i t e t e s t a c o l o r .
Large seeded t y p e s a r e c h a r a c t e r i s t i c o f t h e
M e d i t e r r a n e a n and Western Hemisphere areas o f
p r o d u c t i o n and s m a l l seeded t y p e s o f t h e
I n d i a n s u b c o n t i n e n t . W h i t e o r l i g h t c o l o r e d ,
l a r g e seeds command t h e h i g h e s t p r i c e i n I n d i a
Major Diseases and Pests
W i l t caused by R h i z o c t o n i a and Fusar ium
spp . b l i g h t ( A s c o c h y t a s p . ) and r u s t (Uromyces
s p . ) cause ma jo r l o s s e s . Chemical c o n t r o l may
b e e f f e c t i v e b u t deve lopmen t o f r e s i s t a n t
v a r i e t i e s seems to be t h e p r o p e r answer .
The most s e r i o u s and w i d e l y r e p o r t e d p e s t
i s t h e pod b o r e r ( H e l i o t h i s a r m i g e r a ) i n t h e
f i e l d and b e e t l e s ( C a l l o s o b r u c h u s s p p . ) i n t h e
s t o r e . Chemical c o n t r o l w i l l b e u t i l i z e d a t
ICRISAT b u t s i m u l t a n e o u s e f f o r t s w i l l be made
t o d e v e l o p r e s i s t a n t v a r i e t i e s where p o s s i b l e .
REVIEW OF GENETIC
INVESTIGATIONS
G e n e t i c i n v e s t i g a t i o n s on c h i c k p e a s were
s t a r t e d i n 1 9 1 1 , a t t h e I m p e r i a l A g r i c u l t u r a l
Research I n s t i t u t e Pusa , I n d i a . A l a r g e
number o f s i m p l y i n h e r i t e d c h a r a c t e r s have
been r e p o r t e d s i n c e 1930 , and t h e s e have been
c o m p i l e d by van de r Maesen ( 1 9 7 2 ) . I n f o r -
m a t i o n o n q u a n t i t a t i v e c h a r a c t e r s i s l e s s
e x t e n s i v e .
Path c o e f f i c i e n t a n a l y s i s o n ch i ckpeas
sugges t t h a t t h e number o f pods and number o f
p r i m a r y b ranches were t h e most i m p o r t a n t p l a n t
c h a r a c t e r i s t i c s p o s i t i v e l y a s s o c i a t e d w i t h
seed y i e l d ( S i n g h , M a l h o t r a and S ingh
u n p u b l i s h e d ) , whereas seed s i z e was n e g a t i v e l y
a s s o c i a t e d w i t h y i e l d . O ther w o r k e r s have
r e p o r t e d t h a t t h e number o f seeds per p o d , t h e
number o f days t o f l o w e r i n g and p l a n t h e i g h t
a r e p o s i t i v e l y c o r r e l a t e d w i t h g r a i n y i e l d .
A thwa l and Sandha (1967) f ound n e g a t i v e
c o r r e l a t i o n s between seed s i z e and t h e number
o f seeds per pod and sugges ted t h a t s e l e c t i o n
f o r h i g h numbers o f seeds per pod may c o u n t e r -
a c t s e l e c t i o n f o r l a r g e seed as a means o f
i n c r e a s i n g y i e l d .
Modera te h e r i t a b i l i t y f o r y i e l d , 100-seed.
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w e i g h t , b ranch l e n g t h , number o f seeds pe r
pod and pod s i z e have been r e p o r t e d (A thwa l
and G i l l 1 9 6 4 ) , Chandra (1968) r e p o r t e d b road
sense h e r i t a b i l i t i e s f o r s e t t i n g p e r c e n t a g e
(80%-85%), days t o f l o w e r i n g (73%-75%),
d u r a t i o n o f f l o w e r i n g (79%-81%), p l a n t h e i g h t
(68%-73%) and p r i m a r y b ranches (68%-75%),
Sandhu and Chandra (1969) r e p o r t e d na r row
sense h e r i t a b i l i t y a s o n l y 20% f o r y i e l d .
N i k n e j a d e t a l . (1971) r e p o r t e d t h a t l a r g e
seeds were p a r t i a l l y dominan t t o sma l l seeds
w i t h a t l e a s t e i g h t p a i r s o f genes c o n t r o l l i n g
seed s i z e and e s t i m a t e d b road sense h e r i t a -
b i l i t y f o r seed s i z e a s 8 1 % .
La l (1972) r e p o r t e d t h a t g e n e r a l com-
b i n i n g a b i l i t y e f f e c t s were more i m p o r t a n t
t h a n s p e c i f i c comb in ing a b i l i t y e f f e c t s f o r
g r a i n y i e l d , g r a i n w e i g h t , pods pe r p l a n t ,
number o f b r a n c h e s , days t o f l o w e r i n g , pod
m a t u r i t y and p l a n t h e i g h t . H i s s t u d y t h r o u g h
g r a p h i c a l and component a n a l y s i s f u r t h e r c o n -
f i r m e d t h e i m p o r t a n c e o f a d d i t i v e gene e f f e c t s
f o r a l l t h o s e c h a r a c t e r s e x c e p t pod m a t u r i t y .
On t h e o t h e r hand , Gupta and Ramanujam (1973)
f o u n d n o n a d d i t i v e gene a c t i o n to be more
i m p o r t a n t t han a d d i t i v e gene a c t i o n f o r y i e l d
and y i e l d components e x c e p t seed s i z e .
H e t e r o s i s has been r e p o r t e d f o r y i e l d and
y i e l d components b y Pal ( 1 9 4 5 ) , A r g i k a r ( 1 9 5 0 ) ,
Ramanujam e t a l . (1964) and S ingh e t a l . ( 1 9 7 3 ) .
S i n g h (1973) has sugges ted t h e use o f h y b r i d
v i g o r f o r i s o l a t i n g pu re l i n e s a s h i g h i n
y i e l d a s t h e F 1 h y b r i d s and s u p p o r t e d t h i s
p r o p o s a l w i t h da ta o n V igna r a d i a t u s .
S t e r i l i t y has been r e p o r t e d t o b e caused
i n C i c e r b y b o t h e n v i r o n m e n t a l and g e n e t i c
f a c t o r s . The common f o r m o f s t e r i l i t y i s
known t o b e caused b y f a s c i a t i o n o f e s s e n t i a l
o r g a n s o f t h e f l o w e r s , t h e s t e r i l i t y b e i n g
p a r t i a l o r c o m p l e t e . T o d a t e , male s t e r i l i t y ,
w h i c h c o u l d b e o f v a l u e f o r p o p u l a t i o n i m -
p rovement methods o f b r e e d i n g , has n o t been
r e p o r t e d .
H y b r i d i z a t i o n t e c h n i q u e s have been
r e v i e w e d by A r g i k a r (1970) and van de r Maesen
( 1 9 7 2 ) . A t ICRISAT, w e have c o l l e c t e d I n f o r -
m a t i o n ( T a b l e s 4 and 5 ) w h i c h s u g g e s t t h a t
under o u r c o n d i t i o n s , p o l l i n a t i o n can be done
a t any t i m e o f t h e day between 0800 and 1700
h o u r s , and s i m u l t a n e o u s e m a s c u l a t i o n and
p o l l i n a t i o n gave a h i g h e r p e r c e n t a g e o f seed
s e t t h a n c o n s e c u t i v e day o p e r a t i o n s .
Table 4. Seedset Percentages According to Time
of Day that Flower was Pollinated
Time o f day
0800 to 1000 hours
1001 to 1200 hours
1300 to 1500 hours
1501 to 1700 hou rs
Percen tage
o f seed s e t
19 .7
2 1 . 4
21 .2
2 3 . 1
Average t e m p e r a t u r e : 2 0 . 6 ° C 
Average R e l a t i v e h u m i d i t y : 59.8%
Average hours o f s u n s h i n e : 10 .4
I n f o r m a t i o n o n i n t e r s p e c i f i c h y b r i d i z a -
t i o n , i n h e r i t a n c e o f r e s i s t a n c e s , q u a l i t y
c h a r a c t e r s and i deo type (Dona ld 1968) c h a r a c -
t e r i s t i c s 1s m i n i m a l f o r c h i c k p e a s . We have
a few sma l l s t u d i e s a t ICRISAT to i n v e s t i g a t e
g e n e t i c v a r i a b i l i t y , y i e l d componen ts , h e r i t a -
b i l i t i e s , comb in ing a b i l i t i e s , h a r v e s t I ndex
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Table 5. Seedset Percentages According to Simulta-




(n = 576 flowers)
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and v a r i e t a l response t o f e r t i l i t y .
CURRENT STATUS OF CHICKPEA
BREEDING IN THE WORLD
Breeding work appears t o have been i n i -
t i a t e d b y Government i n s t i t u t i o n s i n I n d i a i n
t h e 1920's. A l a r g e number of v a r i e t i e s were
developed and r e l e a s e d f o r c u l t i v a t i o n b y t h e
I n d i a n A g r i c u l t u r a l Research I n s t i t u t e , S t a t e
Departments o f A g r i c u l t u r e and a g r i c u l t u r a l
u n i v e r s i t i e s . These v a r i e t i e s showed no
s p e c t a c u l a r y i e l d improvement over t h e l o c a l
l a n d r a c e s and were never p o p u l a r w i t h f a r m e r s .
One o f t h e reasons f o r n o t a c h i e v i n g any r e a l
b r e a k t h r o u g h i n d e v e l o p i n g h i g h y i e l d i n g
v a r i e t i e s may have been t h e inadequate use of
d i v e r s e germplasm. I t was e s t i m a t e d b y van
der Maesen (1972) t h a t about 75% of chickpeas
grown in t h e main p r o d u c i n g areas are grown
f r o m u n s e l e c t e d l o c a l t y p e s .
The Regional Pulse Improvement P r o j e c t
(RPIP) under t h e a e g i s of t h e U.S. Department
o f A g r i c u l t u r e , which o p e r a t e d i n I r a n and
I n d i a between 1962 and 1972, c o l l e c t e d a wide
range of chickpea germplasm. The p r o j e c t
d i s t r i b u t e d germplasm t o many i n s t i t u t i o n s ,
b u t , owing t o i t s u n t i m e l y t e r m i n a t i o n , t a n -
g i b l e r e s u l t s i n b r e e d i n g were n o t achieved.
Ivanov e t a l . (1969) have d e s c r i b e d t h e
r e s u l t s o f p u l s e r e s e a r c h i n t h e U.S.S.R. and
r e p o r t t h e r e l e a s e of some 70 improved
v a r i e t i e s f r o m t h e 22,000 o r s o p u l s e v a r i -
e t i e s c o l l e c t e d b y V a v i l o v and h i s c o l l e a g u e s .
The c u r r e n t s t a t u s o f chickpea b r e e d i n g
i n A u s t r a l i a , E t h i o p i a , I n d i a , I r a n , Lebanon,
Mexico, Morocco, Spain and Turkey w i l l be
r e p o r t e d b y o t h e r d e l e g a t e s t o t h i s con-
f e r e n c e .
THE CHICKPEA BREEDING
PROGRAM At ICRISAT
Germplasm Evaluation and Utilization
To d a t e we have assembled 8916 germplasm
l i n e s f r o m v a r i o u s p a r t s o f t h e w o r l d . The
e x p a n s i o n , maintenance and assessment o f t h i s
c o l l e c t i o n w i l l e v e n t u a l l y b e t h e r e s p o n s i b i l -
i t y o f Dr. van der Maesen. A s p l a n t b r e e d e r s ,
o u r immediate r e q u i r e m e n t i s t h e e v a l u a t i o n o f
t h i s germplasm f o r agronomic, p h y s i o l o g i c and
y i e l d c h a r a c t e r s , r e a c t i o n t o p e s t s and d i s -
eases, h a r v e s t I n d e x , response t o f e r t i l i z e r s ,
t o l e r a n c e t o d r o u g h t , p l a n t a r c h i t e c t u r e , e t c .
I t is p o s s i b l e t h a t some o f t h i s m a t e r i a l may
be o f immediate v a l u e a s p o t e n t i a l v a r i e t i e s
in o t h e r c o u n t r i e s , and it is proposed to make
some t e s t s i n I n t e r n a t i o n a l n u r s e r i e s d u r i n g
1975. The main v a l u e , however, is envisaged
a s p a r e n t a l m a t e r i a l f o r our b r e e d i n g program.
P r e l i m i n a r y e v a l u a t i o n o f the germplasm
i n d i c a t e s t h a t we have a l r e a d y a v a i l a b l e a 
wide range of c h a r a c t e r s which can be ex-
p l o i t e d i n our b r e e d i n g program (Table 6 ) .
One hundred v a r i e t i e s were t e s t e d i n y i e l d
t r i a l s i n t h e Lahaul V a l l e y ( n . I n d i a ) d u r i n g
1974, and t h e performance of t h e 10 b e s t
v a r i e t i e s i s g i v e n i n Table 7 . Y i e l d s i n t h i s
t r i a l ranged f r o m 1140 kg/ha t o 3148 kg/ha.
The Immediate Problems of
Genetic Improvement
The w o r l d ' s average p r o d u c t i v i t y o f
chickpea is now v e r y l o w — a b o u t 710 kg/ha.
For comparison, when soybeans were f i r s t grown
i n t h e U.S.A. i n 1924, y i e l d s averaged 740
kg/ha; b u t rose to 1320 kg/ha d u r i n g the 1924
t o 1938 p e r i o d . T h i s r i s e was a t t r i b u t e d
m a i n l y t o t h e development o f h i g h y i e l d i n g
v a r i e t i e s s u i t a b l e f o r d i f f e r e n t l o c a l c o n d i -
t i o n s .
Low Yield of Chickpea
The low y i e l d of chickpeas may be due to
t h e f o l l o w i n g f a c t o r s :
( 1 ) Losses caused by pests and diseases.
(2) I n h e r e n t l y low y i e l d i n g c a p a c i t y o f
t h e i n d i g e n o u s l a n d r a c e s .
( 3 ) Lack o f s t a b i l i t y .
( 4 ) The growing of t h e crop under c o n d i -
t i o n s o f low f e r t i l i t y and t h e appar-
e n t unresponsiveness o f p r e s e n t day
v a r i e t i e s t o h i g h f e r t i l i t y condi-
t i o n s . ( I t i s n o t e w o r t h y t h a t t h e
b r e e d i n g o f d w a r f , l o d g i n g r e s i s t a n t
and f e r t i l i z e r r e s p o n s i v e wheats were
i n s t r u m e n t a l in b r i n g i n g about t h e
green r e v o l u t i o n , b u t i t would b e
premature a t t h i s stage t o s t a t e t h a t
s i m i l a r f a c t o r s w i l l i n c r e a s e t h e
p r o d u c t i v i t y o f c h i c k p e a s ) .
Other f a c t o r s which deserve c o n s i d e r a t i o n
a r e :
( 1 ) While c h i c k p e a i s grown f o r i t s
p r o t e i n r i c h seed, t h e p r o t e i n c o n t e n t
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Table 6. Variability for Some Chickpea Characters
C h a r a c t e r
P o d s / p l a n t ( n o . )
100 seed w i g h t ( g )
Seeds/pod ( n o . )
Canopy w i d t h (cm)
P l a n t h e i g h t (cm)
Range
9 - 618
5 .65 - 6 7 . 9 0
1.14 - 2 . 9 0
14 - 128
16 - 71
Table 7. Performance of 10 Highest Yielding Chickpea Varieties on Gondia Farm, (Lahaul Valley, N.India) 1974
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is in f a c t f a i r l y low ( 1 7 - 1 8 % ) . Soy-
beans, 1n comparison, range f r o m
40-50% p r o t e i n . The p r o t e i n content,
o f chickpea must b e m a i n t a i n e d a t i t s
p r e s e n t l e v e l o r i n c r e a s e d .
( 2 ) Wherever chickpea is consumed as d h a l ,
t h e r e i s a need t o m a i n t a i n o r i m -
prove m i l l r e c o v e r y which a t p r e s e n t
ranges f r o m 68-74%.
(3) P a l a t a b i l i t y and seed s i z e p r e f -
erences f o r t h e crop must be taken
i n t o account and we a r e r e l y i n g on
t h e economics d i v i s i o n a t ICRISAT t o
p r o v i d e us w i t h data on these m a t t e r s .
Aims and Objectives in Breeding
ICRISAT aims at t h e development of h i g h
y i e l d i n g v a r i e t i e s f o r farmers and a h i g h
q u a l i t y p r o d u c t f o r t h e consumer.
Our o b j e c t i v e s , i n o r d e r o f p r i o r i t y a r e :
( 1 ) High y i e l d and good acceptance
( p a l a t a b i l i t y , seed c o l o r , seed
s i z e , e t c . )
(2) S t a b i l i t y o f y i e l d .
(3) R esistance to diseases and p e s t s .
(4) Higher p r o t e i n c o n t e n t and good amino
a c i d p r o f i l e s .
There is no reason why, e v e n t u a l l y , a 
near p e r f e c t chickpea ( o r range o f chickpea
v a r i e t i e s ) s h o u l d n o t be produced. However,
we b e l i e v e t h a t the p r e s e n t aims of our
program at ICRISAT s h o u l d be p r i m a r i l y h i g h
y i e l d and s t a b i l i t y . I n " g o i n g a l l o u t f o r
y i e l d " i t i s most probable t h a t w e s h a l l
" u n w i t t i n g l y " s e l e c t f o r p o l y g e n i c r e s i s t a n c e
t o p e s t s and d i s e a s e s . W e can i f necessary
q u i t e e a s i l y add s i n g l e gene r e s i s t a n c e a t a 
l a t e r s t a g e . I t may b e d i f f i c u l t t o breed a 
h i g h y i e l d i n g v a r i e t y which g i v e s s t a b l e
p r o d u c t i o n i n a l l e n v i r o n m e n t s , b u t w e s h a l l
j u d i c i o u s l y assess t h i s problem t h r o u g h o u t t h e
course o f t h e b r e e d i n g program. I t i s our
I n t e n t i o n t o s e l e c t f r o m s e g r e g a t i n g popula-
t i o n s grown under optimum c o n d i t i o n s w i t h h i g h
l e v e l s o f f e r t i l i z e r a p p l i c a t i o n 1 n o r d e r t h a t
t h e e x p r e s s i o n o f g e n e t i c v a r i a t i o n w i l l b e
maximized and our a b i l i t y t o s e l e c t enhanced.
T h i s may a l s o r e s u l t i n t h e s e l e c t i o n o f
s t r a i n s r e s p o n s i v e t o h i g h f e r t i l i z e r a p p l i c a -
t i o n s . A d a p t a b i l i t y t o low and h i g h f e r -
t i l i z e r c o n d i t i o n s w i l l b e assessed 1 n l a t e r
g e n e r a t i o n s .
Breeding Procedures
I n c o n s i d e r i n g t h e breeding procedures t o
adopt f o r chickpea b r e e d i n g a t ICRISAT, t h e
f o l l o w i n g p o i n t s a r e w o r t h y o f note:
(1 ) Chickpea i s a s t r i c t l y s e l f - p o l l i -
n a t e d c r o p .
(2) A l a r g e s c a l e b r e e d i n g program in
chickpea has n o t y e t been c a r r i e d o u t
1 n any p a r t o f t h e w o r l d .
( 3 ) There i s l i m i t e d i n f o r m a t i o n a v a i l -
a b l e t o date o n t h e performance o f
t h e germplasm i n t r o d u c e d from abroad
o r o n t h a t o r i g i n a t i n g i n I n d i a ; nor
do we have p r i o r knowledge of p e r f o r -
mance a s p a r e n t a l m a t e r i a l f o r
h y b r i d i z a t i o n programs.
(4) Comparisons of b r e e d i n g procedures
f o r t h i s c r o p have n o t been i n v e s -
t i g a t e d .
( 6 ) The c r o p is grown at p r e s e n t under
c o n d i t i o n s o f low f e r t i l i t y .
( 6) The ICRISAT s i t e at Hyderabad, where
t h e main b r e e d i n g program w i l l t a k e
p l a c e , 1s o u t s i d e the main chickpea
growing areas of the I n d i a n subcon-
t i n e n t . Chickpeas a r e more w i d e l y
grown i n n o r t h e r n I n d i a and g i v e
h i g h e r y i e l d s t h e r e . High y i e l d s
appear t o b e a s s o c i a t e d w i t h l e n g t h
o f m a t u r i t y p e r i o d . Approximate
m a t u r i t y p e r i o d s f o r v a r i e t i e s
commonly grown in Coimbatore,
Hyderabad, U t t a r Pradesh and the
Punjab a r e 90, 110, 155 and 165 days
r e s p e c t i v e l y . I t i s i m p e r a t i v e t h a t
w e o b t a i n l a n d i n n o r t h e r n I n d i a i n
which t o c a r r y o u t c o n c u r r e n t
s e l e c t i o n w i t h t h e Hyderabad s i t e ,
w i t h i n s e g r e g a t i n g p o p u l a t i o n s .
( 7 ) The l a n d races growing at p r e s e n t may
have c o n s i d e r a b l e a d a p t a b i l i t y t o
l o c a l c o n d i t i o n s and we may wish to
r e t a i n t h e i r good gene complexes.
(8) The germplasm we a r e c o l l e c t i n g 1s of
g r e a t e r d i v e r s i t y t h a n has a s y e t
been assembled. We expect to make
l a r g e I n i t i a l g a i n s and "eye s e l e c -
t i o n " i s c o n s i d e r e d i m p o r t a n t i n t h e
b r e e d i n g program.
(9) The more s o p h i s t i c a t e d b r e e d i n g
procedures now being used to " c r e a t e
v a r i a b i l i t y " and " d e t e c t small
i n c r e a s e s o r improvements" i n crops
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o f t h e more developed n a t i o n s o f t h e
w o r l d may n o t n e c e s s a r i l y b e a p p l i -
c a b l e a t t h i s stage t o c h i c k p e a
improvement i n t h e s e m i a r i d t r o p i c s .
(10) We can o b t a i n two g e n e r a t i o n s a y e a r
by growing an o f f - s e a s o n crop in
e i t h e r t h e Lahaul V a l l e y o r i n t h e
Lebanon.
(11) Hand c r o s s i n g is t e d i o u s and l a b o -
r i o u s and t h e percentage success i s
low, b u t we can employ a l a r g e l a b o r
f o r c e f o r c r o s s i n g . I t i s our
i n t e n t i o n t o make a l a r g e number o f
crosses and to grow l a r g e s e g r e g a t i n g
p o p u l a t i o n s o f p r o m i s i n g c r o s s e s .
CONCLUSIONS ON BREEDING
PROCEDURES
W i t h t h e above p o i n t s in mind we propose
to approach breeding procedures f r o m two
s t a n d p o i n t s :
( 1 ) The " c l a s s i c a l " approach.
(2) The " r e c u r r e n t s e l e c t i o n " approach.
" C l a s s i c a l " A p p r o a c h (Single,
Double, 3-way, Multiple Crossing
and Backcrossing)
Each cross w i l l be assessed on i t s F1
performance and t h e more obvious poor p e r f o r -
mers may be d i s c a r d e d . The m e r i t s of
e l i m i n a t i o n o f crosses o n t h e b a s i s o f F 1
performance i n s e l f - p o l l i n a t e d crops a r e
d e b a t a b l e and t h e r e i s l i t t l e evidence t o
suggest t h a t i t i s a v a l i d procedure. Non-
a d d i t i v e g e n e t i c v a r i a n c e i s t h e p r i m a r y
b a s i s f o r h e t e r o s i s and s p e c i f i c combining
a b i l i t y ; dominance v a r i a n c e d i s s i p a t e s as
homozygosity i n c r e a s e s ; t h e F 1 performance is
n o i n d i c a t i o n o f t h e t r a n s g r e s s i v e segregants
which may appear i n l a t e r s e l f i n g g e n e r a t i o n s .
The j o i n t a u t h o r s o f t h i s paper a r e u n c e r t a i n
about t h i s e l i m i n a t i o n procedure. However,
B o r l a u g a p p a r e n t l y e l i m i n a t e s wheat crosses
a t CIMMYT on F 1 performance, and it would be
o f c o n s i d e r a b l e m e r i t t o u s i n r e d u c i n g t h e
number o f c r o s s e s , i f t h a t e l i m i n a t i o n were t o
b e e f f e c t i v e . The d e l e g a t e s ' view o n t h i s
m a t t e r would be a p p r e c i a t e d .
Large spaced F2 p o p u l a t i o n s w i l l be grown
f r o m most crosses a t two s i t e s i n i t i a l l y and
under c o n d i t i o n s o f h i g h f e r t i l i t y . Pheno-
t y p i c e v a l u a t i o n o f y i e l d i n g a b i l i t y , espe-
c i a l l y number o f pods, w i l l be made and
s t r i n g e n t e l i m i n a t i o n o f crosses made a t t h i s
s t a g e .
The crosses r e t a i n e d f o r f u r t h e r s e l e c -
t i o n w i l l b e graded i n t o ( a ) Very p r o m i s i n g ,
( b ) p r o m i s i n g and ( c ) d i f f i c u l t t o a s c e r t a i n .
These t h r e e grades of c r o s s e s , assessed on F 2
performance, w i l l undergo t h e f o l l o w i n g
b r e e d i n g procedures:
( a ) "Very P r o m i s i n g " w i l l undergo a 
m o d i f i e d p e d i g r e e method o f b r e e d i n g :
s e l e c t i o n o f F 2 p l a n t s ; f a m i l y
s e l e c t i o n a f t e r the F 2 and p l a n t
s e l e c t i o n w i t h i n some f a m i l i e s u n t i l
homozygosity i s a c h i e v e d . T h i s w i l l
enable us to " g e t to know t h e c r o p " .
(b) " P r o m i s i n g " w i l l undergo a m o d i f i e d
b u l k method o f b r e e d i n g : s e l e c t i o n o f
F 2 p l a n t s : b u l k i n g to F 4 or F5, and
t h e r e a f t e r l i n e s e l e c t i o n and t e s t i n g .
( c ) " D i f f i c u l t t o a s c e r t a i n " w i l l undergo
a b u l k method of b r e e d i n g : r e t a i n i n g
a l l t h e F 2 progeny and b u l k i n g t o t h e
F4 or F5 when i n d i v i d u a l p l a n t s e l e c -
t i o n w i l l b e p r a c t i c e d .
The "Very P r o m i s i n g " and " P r o m i s i n g "
crosses w i l l be advanced i n o f f - s e a s o n n u r -
s e r i e s i n e i t h e r t h e Lahaul V a l l e y o r t h e
Lebanon. E l i m i n a t i o n o f genotypes suscep-
t i b l e t o diseases w i l l b e p r a c t i c e d i n t h e o f f -
season i f and when e p i p h y t o t i c c o n d i t i o n s are
p r e s e n t . As we g a i n knowledge of t h e p e r f o r -
mance of o u r s e g r e g a t i n g p o p u l a t i o n s we may
c a r r y o u t s e l e c t i o n f o r o t h e r c h a r a c t e r s under
t h e r a i n f e d c o n d i t i o n s o f t h e Lahaul V a l l e y ,
where g e n e t i c d i f f e r e n t i a t i o n appears t o b e
w e l l expressed. I n t h i s way i t i s p o s s i b l e w e
may s e l e c t f o r p h o t o - and t h e r m o i n s e n s i t i v i t y ,
g i v i n g g e n e r a l a d a p t a b i l i t y o f genotypes.
The new s t r a i n s produced f r o m our breed-
i n g program w i l l b e assessed f o r y i e l d ,
s t a b i l i t y and f e r t i l i z e r response a t a number
o f s i t e s . Chemical a n a l y s i s o f seed and
p a l a t a b l l i t y o f t h e s e s t r a i n s w i l l a l s o b e
assessed.
"Recurrent Selection" Approach
Hanson (1959) h i g h l i g h t e d l i n k a g e as
a tremendous c o n s e r v a t i v e f o r c e i n h i b i t i n g t h e
f r e q u e n c y o f g e n e t i c r e c o m b i n a t i o n . The
c l a s s i c a l approach t o p l a n t b r e e d i n g
o f f e r s l i m i t e d means o f a c h i e v i n g g e n e t i c
r e c o m b i n a t i o n i n q u a n t i t a t i v e l y i n h e r i t e d
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c h a r a c t e r s . V a r i o u s a u t h o r s have s i n c e r e -
commended p o p u l a t i o n improvement u s i n g r e c u r -
r e n t s e l e c t i o n as a means of i n c r e a s i n g t h e
frequency o f g e n e t i c r e c o m b i n a t i o n and
maximizing t h e e x p l o i t a t i o n o f g e n e t i c v a r i a -
b i l i t y . R e current s e l e c t i o n has been used
s u c c e s s f u l l y i n c r o s s - p o l l i n a t e d c r o p s .
Jensen (1970) suggested a " d i a i l e l s e l e c t i v e
mating system" f o r s e l f - p o l l i n a t e d species and
l a t e r (Redden and Jensen 1974) r e p o r t e d on t h e
use o f t h i s method and showed t h a t mass s e l e c -
t i o n w i t h c o n c u r r e n t random mating c o u l d be a 
u s e f u l b r e e d i n g procedure f o r wheat and o a t s .
Wallace ( 1 9 6 3 ) , however, has p o i n t e d o u t
t h a t t h e l a c k o f i n t r o g r e s s i o n i n s e l f - p o l l i -
n a t e d p l a n t s may r e f l e c t a breakdown of co-
adapted gene c o m b i n a t i o n s too g r e a t f o r these
p l a n t s t o t o l e r a t e . Backcrossing t e c h n i q u e s
and/or r e c u r r e n t s e l e c t i o n methods c o u l d
d e s t r o y coadapted gene combinations which may
b e e s s e n t i a l f o r t h a t species t o s u r v i v e .
Continued c r o s s i n g and r e c u r r e n t s e l e c t i o n
methods may i n c r e a s e g e n e t i c r e c o m b i n a t i o n —
b u t i t c o u l d a l s o cause " g e n e t i c d i s i n t e g r a -
t i o n " of coadapted gene c o m b i n a t i o n s which may
have developed over t h e c e n t u r i e s i n l a n d
races o f c h i c k p e a s .
N o t w i t h s t a n d i n g t h e arguments o f Wallace,
w e f e e l t h a t Jensen's d i a i l e l s e l e c t i v e mating
procedure i s a method o f r e c u r r e n t s e l e c t i o n
which may be of c o n s i d e r a b l e v a l u e f o r c h i c k -
pea b r e e d i n g . The system uses m u l t i p l e
p a r e n t i n p u t i n t o a c e n t r a l gene pool ( p o p u l a -
t i o n ) , which t h r o u g h s e l e c t i v e mating o f
i n d i v i d u a l s i s advanced t h r o u g h successive
g e n e r a t i o n s . I t l e a d s t o t h e f o r m a t i o n o f a 
s e r i e s of gene pools f r o m which p l a n t s can be
s e l e c t e d and on which t h e r e a f t e r the conven-
t i o n a l b r e e d i n g systems can b e p r a c t i c e d : i n
f a c t , t h e r e i s a _ c o n t i n u e d s t a t e o f open
o p t i o n s . W e have a l r e a d y s t a r t e d t h i s scheme,
b u t may have t o m o d i f y i t o n g a i n i n g more
i n f o r m a t i o n on t h e p a r e n t a l m a t e r i a l we d e s i r e
t o use f o r d i f f e r e n t gene pool f o r m a t i o n s .
Progress to Date
D u r i n g the " w i n t e r " season o f 1973/74 a t
Hyderabad and the 1974 o f f - s e a s o n n u r s e r y at
Kferdane (Lebanon) and Lahaul V a l l e y , we made
about 1000 c r o s s e s . Nine hundred of these
c r o s s e s were s i n g l e crosses and t h e remainder
t r i p l e o r d o u b l e c r o s s e s . The major c o n s i d e r -
a t i o n s f o r choosing t h e p a r e n t s f o r h y b r i d i z a -
t i o n were y i e l d and a d a p t a t i o n , h i g h p o d d i n g
c a p a c i t y , h i g h number of seeds per pod, seed
s i z e , h i g h h a r v e s t index and growth h a b i t .
D u r i n g t h e p r e s e n t 1974/75 w i n t e r season,
we have s u f f i c i e n t F 1 p l a n t s growing f r o m
about 600 crosses to produce enough F 2 seed
f o r our own r e q u i r e m e n t s and t o supply t o
i n t e r e s t e d breeders t h r o u g h o u t t h e w o r l d .
The F2 p o p u l a t i o n s from n e a r l y 300 c r o s s -
es a r e being grown at ICRISAT d u r i n g 1974/75.
The p l a n t number v a r i e s in each F2 p o p u l a t i o n
between 1000 and 3000, depending upon the
a v a i l a b i l i t y of seed. A l t o g e t h e r we have 9 
h e c t a r e s o f F 2 p o p u l a t i o n s . ( I n f u t u r e y e a r s ,
f o r m u l t i p l e crosses 1 n p a r t i c u l a r , i t 1 s our
i n t e n t i o n t o grow l a r g e r p o p u l a t i o n s . )
In an a t t e m p t to grow t h r e e g e n e r a t i o n s
per y e a r , we p l a n t e d p a r t of 23 F 2 p o p u l a t i o n s
i n August 1974, b e f o r e t h e r a i n s f i n i s h e d .
Because o f suboptimal growth o f t h i s August
p l a n t e d c r o p , w e d i d n o t s e l e c t w i t h i n these
p o p u l a t i o n s . Some segregates matured i n mid-
December, were h a r v e s t e d and immediately
r e p l a n t e d as F3 b u l k s . We may at some sub-
sequent, d a t e be a b l e to advance e a r l y m a t u r i n g
crosses b y t h i s method, b u t i t i s d o u b t f u l
t h r e e g e n e r a t i o n s per y e a r w i l l b e o f general
a p p l i c a b i l i t y a t ICRISAT.
A c r o s s i n g b l o c k n u r s e r y c o m p r i s i n g 343
e n t r i e s has been p l a n t e d a t t h r e e dates o f
p l a n t i n g f o r our 1974/75 c r o s s i n g program.
The e n t r i e s i n c l u d e v a r i e t i e s f r o m I n d i a and
o t h e r c o u n t r i e s and were chosen f o r t h e i r
r e s i s t a n c e t o w i l t , A s c h o c t y t a b l i g h t , h i g h
h a r v e s t i n d e x , h i g h podding c a p a c i t y , v a r i a -
t i o n i n seed s i z e and c o l o r , p r o t e i n c o n t e n t ,
growth h a b i t and o t h e r m o r p h o l o g i c a l and y i e l d
c h a r a c t e r i s t i c s . Any o f these v a r i e t i e s a r e
a v a i l a b l e t o i n t e r e s t e d s c i e n t i s t s .
Some o f t h e most p r o m i s i n g l i n e s from t h e
germplasm c o l l e c t i o n a r e being t e s t e d i n a 
y i e l d t r i a l t h i s y e a r . The best o f them w i l l
f orm p a r t o f proposed i n t e r n a t i o n a l n u r s e r i e s
n e x t y e a r .
COOPERATIVE INTERNATIONAL
BREEDING PROGRAM
We have n o t y e t deve loped a program to
se rve o t h e r c o u n t r i e s i n t h e s e m i a r i d t r o p i c s
o r i n c o u n t r i e s o u t s i d e t h i s zone where c h i c k -
peas a r e a n i m p o r t a n t c r o p , though t h i s i s
h i g h o n ou r p r i o r i t y l i s t . The o b j e c t i v e s o f
o u r c o o p e r a t i v e program w i l l be :
(1 ) To make d i r e c t i n t r o d u c t i o n s o f
v a r i e t i e s i n t o o t h e r c o u n t r i e s .
(2 ) To s u p p l y s e g r e g a t i n g p o p u l a t i o n s t o
s t r e n g t h e n n a t i o n a l and r e g i o n a l
p rog rams .
(3) To i d e n t i f y genotypes w i t h wide range
a d a p t a b i l i t y f o r use 1 n b r e e d i n g
programs.
The m a t e r i a l s which we aim to s u p p l y a r e :
( 1 ) C r o s s i n g b l o c k n u r s e r i e s ( a v a i l a b l e
in 1975).
( 2 ) F 2 p o p u l a t i o n b u l k s ( a v a i l a b l e in
1975).
( 3 ) Screening n u r s e r i e s of F 5 and F 6
g e n e r a t i o n m a t e r i a l , ( F 5 a v a i l a b l e
in 1976).
( 4 ) E l i t e t r i a l s ( a v a i l a b l e i n 1977).
The m a t e r i a l f o r c r o s s i n g b l o c k n u r s e r i e s
and e l i t e t r i a l s can b e s u p p l i e d t o a l l
c o o p e r a t i n g c e n t e r s . The F2 b u l k p o p u l a t i o n s
and s c r e e n i n g n u r s e r i e s can be s u p p l i e d to
t h o s e i n s t i t u t i o n s which have t h e q u a l i f i e d
s t a f f t o deal w i t h them.
The i n t e r n a t i o n a l c o o p e r a t i v e programs
w i l l expand c o n c u r r e n t l y w i t h o u r b r e e d i n g
program a t ICRISAT and w i l l o b v i o u s l y become
more m e a n i n g f u l as, and when, we g a i n knowl-
edge of t h e r e q u i r e m e n t s of chickpeas as a 
c r o p and t h e performance o f t h e p r o d u c t s o f
v a r i e t a l h y b r i d i z a t i o n .
PHYSIOLOGICAL BASIS OF
CHICKPEA BREEDING
While t h e chickpea b r e e d i n g program 1s
I n i t i a l l y "going a l l o u t f o r y i e l d " , w e s h a l l
p r o b a b l y , i n t h e course o f t i m e , b e a b l e t o
i d e n t i f y o t h e r bases f o r e f f e c t i v e s e l e c t i o n .
I d e o t y p e (DonaId 1968) b r e e d i n g has r e c e i v e d
much a t t e n t i o n r e c e n t l y . An i d e o t y p e can be
d e f i n e d a s t h e r e q u i r e d p l a n t s t r u c t u r e and
developmental sequence of a p l a n t which can
b e s t s u i t a p a r t i c u l a r environment f o r produc-
i n g maximum economic r e t u r n . Donald s t a t e s
t h a t " t h e d e s i g n , b r e e d i n g , t e s t i n g and ex-
p l o i t a t i o n o f p l a n t i d e o t y p e s i s a l o g i c a l
s t e p towards new l e v e l s o f y i e l d and s h o u l d b e
based on i d e o t y p e s " . He p o s t u l a t e s t h a t a 
s u c c e s s f u l c r o p i d e o t y p e w i l l be a weak
c o m p e t i t o r r e l a t i v e t o i t s mass and t h a t t h e r e
would be a minimal amount of c o m p e t i t i o n be-
tween p l a n t s in a crop community. An i d e o t y p e
p r o v i d e s a g u i d e l i n e to a breeder in t h e
s e l e c t i o n o f t h e p a r e n t s t o b e c r o s s e d and i n
t h e s e l e c t i o n process i n t h e advanced genera-
t i o n s . The i d e o t y p e may d i f f e r depending o n
species and systems of f a r m i n g .
The FAO workshop on B i o l o g y of G r a i n
Legumes, h e l d 1n New D e l h i in September/
October 1974, suggested a common s e t of compo-
nents f o r g r a i n legumes. These components, 1n
r e l a t i o n t o chickpeas a r e g i v e n below:
( a ) h i g h pod number p o t e n t i a l
( b ) g r e a t e r number of seeds/pod
( c ) seed s i z e ( w e i g h t ) as g r e a t as accep-
t a b l e w i t h i n t h e consumer acceptance
c l a s s .
( d ) a p l a n t and canopy p r o f i l e designed
and s t r u c t u r e d f o r maximum l i g h t
i n t e r c e p t i o n .
( e ) node number, i n t e r n o d a l l e n g t h s and
b r a n c h i n g p a t t e r n i n keeping w i t h t h e
r e q u i r e m e n t s o f (a-d) above.
( f ) l e a f s i z e and o r i e n t a t i o n i n keeping
w i t h items (a-e) and w i t h c u l t u r a l
e n v i r o n m e n t a l s i t u a t i o n s .
( g ) a l e a f area d u r a t i o n t o f i t t h e needs
o f t h e c r o p p i n g system i n use b u t
s h o u l d be as l o n g as p o s s i b l e in t h e
r e p r o d u c t i v e p e r i o d .
( h ) a r o o t ( i n c l u d i n g n o d u l a t i n g b a c t e r i a )
and stem morphology ( p h y s i o l o g y )
capable o f r e n d e r i n g the crop e f f i -
c i e n t i n n u t r i e n t uptake and u t i l i z a -
t i o n a t a l l l e v e l s o f n u t r i e n t a v a i l -
a b i l i t y .
( 1 ) growth o f s t r u c t u r a l a t t r i b u t e s
f a v o r i n g a h i g h p a r t i t i o n i n g r a t i o o f
t o t a l p l a n t d r y w e i g h t i n t o g r a i n
w e i g h t ( h i g h h a r v e s t i n d e x ) .
( j ) a programed phasic development o f
v e g e t a t i v e and r e p r o d u c t i v e growth
t h a t p r o v i d e s t h e optimum balance o f
t i m e and e n v i r o n m e n t a l resources f o r
these two phases c o n s i s t e n t w i t h t h e
l e n g t h o f growing p e r i o d and t i m e -
dependent a v a i l a b i l i t y o f w a t e r ,
l i g h t , n u t r i e n t s and f a v o r a b l e tem-
p e r a t u r e s t h r o u g h o u t t h e p e r i o d .
( k ) medium s t a t u r e d p l a n t s f o r mixed
c r o p p i n g ; t a l l s t a t u r e d p l a n t s f o r
mechanical h a r v e s t i n g .
( 1 ) s h o r t d u r a t i o n p l a n t s ( a p p r o x i m a t e l y
115 days) f o r c o m p a r a t i v e l y h o t t e r
c l i m a t e s and l o n g d u r a t i o n crops
( a b o ut 140-150 days) f o r c o o l e r
c l i m a t e s .
I n a d d i t i o n t o t h e above a few o t h e r
components a r e i m p o r t a n t t o t h e breeder b u t
th e y d o n o t f o r m p a r t o f a n i d e o t y p e i n t h e
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s t r i c t sense, and t h e s e a r e :
(m) e r e c t and n o n l o d g i n g p l a n t .
( n ) m u l t i p l e r e s i s t a n c e t o diseases and
i n s e c t p e s t s .
(o ) b e t t e r q u a l i t y and q u a n t i t y o f p r o t e i n ,
( p ) drought t o l e r a n t p l a n t s .
Based on t h e e x i s t i n g i n f o r m a t i o n on
c h i c k p e a , t h e germplasm c o l l e c t i o n a t ICRISAT
w i l l b e c l a s s i f i e d i n t o d i f f e r e n t i d e o t y p e s .
A f t e r a p p r o p r i a t e t e s t s , a few might be used
a s p a r e n t a l b a s i c s t o c k t o b e e x p l o i t e d f o r
b r e e d i n g purposes. I n a d d i t i o n , a t t e m p t s w i l l
be made to s y n t h e s i z e ideotypes f o r maximizing
y i e l d i n c h i c k p e a , b u t i n view o f our l i m i t e d
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We have found u s i n g a few combining p a r e n t s to be e f f e c t i v e in breed-
i n g , w e cross progenies i n double crosses and f i n d t h i s e f f e c t i v e
f o r combining y i e l d components. Concerning i d e o t y p e s — u l t i m a t e l y
y i e l d i s t h e c r i t e r i o n . Some bushy types have a low h a r v e s t i n d e x .
C r o s s i n g among F2 p l a n t s i s e f f e c t i v e i n r e c o m b i n i n g p l a n t t y p e s .
I s double c r o s s i n g b e t t e r than o t h e r types o f crosses?
We have n o t compared types of c r o s s e s , but have used o n l y s i n g l e and
double c r o s s e s .
I wanted t o hear t h a t y i e l d s o f chickpea and pigeonpea are n o t i n f e -
r i o r t o c e r e a l s . The t o t a l d r y m a t t e r p r o d u c t i o n i n pigeonpeas i s u p
to 20 tons per h e c t a r e - compared w i t h 14 and 15 tons f o r s p r i n g wheat.
Chickpea v a r i e t i e s y i e l d up to 11 tons per h e c t a r e . Far g r e a t e r em-
phasis i s needed o n p a r t i t i o n i n g o f p h o t o s y n t h a t e i n t o g r a i n y i e l d .
I am not concerned about h a r v e s t i n d e x , o n l y y i e l d .
Harvest index must b e c o n s i d e r e d , and i t can b e s e l e c t e d f o r e f f e c t i v e l y .
Harvest index and p h o t o s y n t h e t i c e f f i c i e n c y are r e l a t e d . High photo-
s y n t h e t i c e f f i c i e n c y and low h a r v e s t index w i l l r e s u l t i n low y i e l d .
I n pigeonpea, date o f p l a n t i n g a f f e c t s h a r v e s t index.
I agree w i t h Dr. Auckland. Our measurements show h i g h h a r v e s t index
t o b e c o r r e l a t e d w i t h low y i e l d .
Harvest index i s i m p o r t a n t and w e are not i g n o r i n g i t . W e p l a n t o
c l a s s i f y 500 t o 1000 o f t h e germplasm l i n e s f o r h a r v e s t index t h i s
y e a r . A t Ludhiana, o f t h e t h r e e v a r i e t i e s w i t h h i g h e s t h a r v e s t index
one was h i g h y i e l d i n g .
Leaf drop i n f l u e n c e s h a r v e s t index measurement. There i s a b u i l t - i n
b i a s i n our e s t i m a t e s .
How a r e you going t o t e s t f o r f e r t i l i z e r r e s p o n s i v e v a r i e t i e s ?
S e g r e gating m a t e r i a l i s t o be grown under good f e r t i l i t y c o n d i t i o n s
f o r maximum e x p r e s s i o n . Responsive v a r i e t i e s are y e t t o be found.
What f e r t i l i z e r w i l l be used?
Phosphate response w i l l be searched f o r .
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B.R. Murty: There i s c o n s i d e r a b l e emphasis o n e a r l y m a t u r i t y and p h o t o p e r i o d i n -
s e n s i t i v i t y . With p r e d i c t a b l e drought c o n d i t i o n s s e n s i t i v i t y may b e
d e s i r a b l e . I n b o t h crops do n o t emphasize i n s e n s i t i v i t y t o o much. -
K.O. Rachie: With emphasis o n h i g h y i e l d s and s t a b i l i t y under t r o p i c a l c o n d i t i o n s ,
I l e a n more towards s t a b i l i t y . With 300 t o 500 kg a d d i t i o n a l y i e l d ,
we might g a i n more t h a n a y i e l d p o t e n t i a l of 2500 kg in something n o t
p r a c t i c a l t o grow.
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PERSPECTIVE OF PIGEONPEA AND
ICRISAT'S BREEDING PROGRAM
D. Sharma and J. M. Green1
INTRODUCTION
Cajanus c a j a n L . M i l l s p . , known by t h e
common names p i geonpea , r e d g ram, t u r , a r h a r ,
g a n d u l , and o t h e r s , 1s one o f t h e p u l s e c rops
i n c l u d e d in t h e ICRISAT'S c rop improvement
p rog ram. Among t h e g r a i n legumes p igeonpea
ranks o n l y s i x t h i n t o t a l w o r l d p r o d u c t i o n
( T a b l e 1 ) . I n a d d i t i o n t o r e p o r t e d p r o d u c -
t i o n , i t appears l i k e l y t h a t t h e u n r e p o r t e d
ac reage p l a n t e d on bunds , as hedges and in
o t h e r f i l l i n s i t u a t i o n s , may n o t b e s u b s t a n -
t i a l b u t does add t o t h e f o o d s u p p l y i n a 
l o c a l l y s i g n i f i c a n t way. However, Rachie
(1973) exp ressed t h e v iew t h a t p igeonpea
p r o d u c t i o n i s g r o s s l y u n d e r e s t i m a t e d because
t h e c r o p is se ldom grown in pure s tands on a 
f i e l d s c a l e and t h e p roduce i s a l m o s t e n t i r e l y
consumed l o c a l l y . I n a d d i t i o n t o r e p o r t e d
p r o d u c t i o n ( T a b l e 2 ) , p igeonpeas a r e grown i n
most t r o p i c a l c o u n t r i e s . I n t h e ma jo r
p r o d u c i n g c o u n t r i e s t h e g r a i n i s u s u a l l y
consumed as d h a l , a t y p e o f s p l i t p e a s , and i s
o f v a l u e i n a c e r e a l - l e g u m e d i e t . I n t h e
Western Hemisphere green peas a r e e a t e n , and
some of t h e c r o p is canned c o m m e r c i a l l y .
Grown a l m o s t e x c l u s i v e l y i n t r o p i c a l
a r e a s , t h e a b i l i t y o f p igeonpea t o u t i l i z e
r e s i d u a l m o i s t u r e d u r i n g t h e d r y season makes
i t a n i m p o r t a n t c r o p 1 n t h e semi a r i d a r e a s .
The s e v e r a l c r o p p i n g systems i n wh ich p i g e o n -
pea i s u t i l i z e d enhance i t s v a l u e and t a k e
advan tage o f d i f f e r e n t m a t u r i t i e s , f l o w e r i n g
h a b i t s , and p l a n t t y p e s . The purpose o f t h i s
p r e s e n t a t i o n 1 s t o summarize b r i e f l y b a s i c
I n f o r m a t i o n o n t h e s p e c i e s , and t o r e p o r t t h e
s t a t u s o f t h e ICRISAT's improvement p rog ram.
G.N. Pathak (1970) has p r e s e n t e d an e x c e l l e n t
summary of g e n e r a l I n f o r m a t i o n on p igeonpea in
P u l s e Crops o f I n d i a . For more comp le te
h i s t o r i c a l I n f o r m a t i o n t h a n 1 s i n c l u d e d h e r e ,
r e f e r e n c e can b e made t o t h a t a r t i c l e .
Cajanus is a mono t yp l c genus o f t h e t r i b e
Phaseo leae , s u b o r d e r P a p i l i o n a c e a e , and o r d e r
Leguminoseae (Pa thak 1970) . Westphal (1974)
l i s t e d t e n synonyms f o r t h e s p e c i e s . E a r l y
s y s t e m a t i s t s d i v i d e d t h e s p e c i e s o n t h e b a s i s
o f s i z e , m a t u r i t y and some s i m p l e g e n e t i c
d i f f e r e n c e s such a s f l o w e r c o l o r i n t o s e p a r a t e
s p e c i e s a l l o f w h i c h a r e now r e c o g n i z e d as one
s p e c i e s under t h e I n t e r n a t i o n a l Ru les o f
B o t a n i c a l Nomenc la tu re .
Pigeonpeas a r e grown o v e r a w ide range o f
c o n d i t i o n s . They a r e grown on a w ide range of
s o i l t y p e s , f r o m l i g h t r e d s o i l s t o heavy c l a y
s o i l s . They p e r f o r m w e l l o n a l k a l i n e and
s a l i n e s o i l s up to pH 8 , w h i l e t h e y seem to be
adap ted to s o i l pH as low as 5 . 0 . In I n d i a
they a r e grown i n a reas w i t h 20 t o 60 i nches
o f r a i n f a l l . The c r o p i s s u s c e p t i b l e t o
Table 1. World Production of Pulses in 1972 as
Reported in FA0 Production Year Book
Pu lse Crop
Dry beans
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w a t e r l o g g i n g , and w i t h h i g h r a i n f a l l i t must
b e p l a n t e d o n w e l l d r a i n e d s o i l s . F r o s t
r e a d i l y k i l l s p i g e o n p e a , s o i t i s grown m o s t l y
i n f r o s t f r e e a r e a s . E a r l y v a r i e t i e s a r e
p l a n t e d i n a reas where f r o s t i s a h a z a r d .
On deep w a t e r - r e t e n t i v e s o i l s p igeonpea
is grown as a companion c r o p w i t h sorghum,
p e a r l m i l l e t , c o t t o n , o t h e r legumes and m i n o r
m i l l e t s . W i t h t h e t a l l e r companion c r o p s ,
medium t o l a t e m a t u r i n g v a r i e t i e s a r e gen -
e r a l l y used .
The most s e r i o u s d i s e a s e i s Fusar ium w i l t .
T h i s has been r e p o r t e d f r om a l m o s t a l l coun -
t r i e s where t h e c r o p i s g rown . I n some a reas
o f I n d i a , s t e r i l i t y v i r u s causes s e r i o u s
damage. W h i l e t h e s e two a r e c o n s i d e r e d t h e
ma jo r d i s e a s e s , t h e y a r e n o t t h e o n l y ones t o
a t t a c k t h e c r o p . F u r t h e r i n f o r m a t i o n w i l l b e
p r e s e n t e d in a n o t h e r pape r .
Pod b o r i n g i n s e c t s pose a s e r i o u s t h r e a t
t o p igeonpea p r o d u c t i o n w i t h s p r a y i n g
r e q u i r e d f o r c o n t r o l i n many a r e a s . T h r i p s
have been shown to be a f a c t o r c a u s i n g f l o w e r
d r o p . Pes ts a t t a c k i n g t h e c r o p w i l l b e
i n c l u d e d i n a n o t h e r p a p e r .
B r e e d i n g work w i t h p igeonpea has been in
p r o g r e s s i n I n d i a f o r many y e a r s , and Pathak
(1970) l i s t e d 2 8 v a r i e t i e s r e l e a s e d i n e i g h t
s t a t e s f r o m t h e e a r l y f o r t i e s t o t h e e a r l y
s i x t i e s . Seve ra l new r e l e a s e s c o u l d be added
t o t h a t l i s t . B reeders have been s u c c e s s f u l
i n d e v e l o p i n g v a r i e t i e s r e s i s t a n t t o w i l t , b u t
have r e p o r t e d t h a t t h e r e s i s t a n c e s t o o d u p
o n l y i n l o c a l a r e a s . Among t h e improvements
made i n t h e r e l e a s e d v a r i e t i e s were h i g h e r
y i e l d , e a r l i e r m a t u r i t y , l a r g e r s e e d , b e t t e r
f l a v o r d h a l , and good c o o k i n g q u a l i t y . O ther
papers w i l l r e p o r t such r e s u l t s i n more d e t a i l ,
b u t i t s h o u l d b e s t a t e d t h a t b r e e d e r s have
been s u c c e s s f u l i n m o d i f y i n g p l a n t s t r u c t u r e
and m a t u r i t y t o meet t h e i r o b j e c t i v e s .
One o f t h e b r e e d e r ' s r e s o u r c e s i s t h e
g e n e t i c I n f o r m a t i o n a v a i l a b l e . A r e v i e w o f
t h e l i t e r a t u r e has been made in an a t t e m p t to
b r i n g t o g e t h e r c u r r e n t i n f o r m a t i o n o n s t u d i e s
o f gene a c t i o n i n q u a n t i t a t i v e t r a i t s and
h e r i t a b i l i t y e s t i m a t e s . A summary o f t h e
q u a l i t a t i v e t r a i t s and t h e i r i n h e r i t a n c e w i l l
n o t b e a t t e m p t e d here because o f t h e g r e a t e r
impor tance o f t h e q u a n t i t a t i v e s t u d i e s t o
b r e e d e r s . No t enough g e n e t i c a n a l y s i s has
been done to p e r m i t chromosome mapp ing , b u t
t h e l i m i t e d amount done has r e v e a l e d a complex
sys tem i n f l o w e r c o l o r and seed c o l o r , w i t h
t h e l i g h t e r s e l f c o l o r s r e c e s s i v e (Dave 1 9 3 4 ) .
The i m p o r t a n t agronomic c h a r a c t e r s i n
g e n e r a l a r e p r i m a r i l y c o n t r o l l e d b y genes w i t h
a d d i t i v e e f f e c t s ( T a b l e 3 ) . Dominance and
n o n a d d i t i v e e f f e c t s were d e t e c t e d i n t h e cases
o f y i e l d , p l a n t h e i g h t , and p r o t e i n c o n t e n t .
A p p a r e n t l y s u f f i c i e n t g e n e t i c c o n t r o l i s
a d d i t i v e and dominan t t o p e r m i t e f f e c t i v e
s e l e c t i o n .
H e r i t a b i l i t y e s t i m a t e s a r e summarized i n
Tab le 4 . The h i g h e s t e s t i m a t e s a r e f o r days
t o f l o w e r i n g , w i t h s i n g l e e s t i m a t e s r e p o r t e d
f o r seed pe r pod and seed w e i g h t a l s o h i g h .
P l a n t w i d t h has t h e l o w e s t group o f e s t i m a t e s ,
w h i l e y i e l d and p r o t e i n c o n t e n t e s t i m a t e s a r e
v a r i a b l e . Such r e s u l t s s u p p o r t r e f i n e d t e s t s
f o r y i e l d , and s u g g e s t t h a t i n d i v i d u a l p l a n t
s c r e e n i n g f o r p r o t e i n c o n t e n t m i g h t n o t b e




I n p l a n n i n g a p l a n t b r e e d i n g p r o g r a m ,
f i r s t c o n s i d e r a t i o n must b e g i v e n t o t h e b reed -
i n g sys tem i n t h e s p e c i e s . Pigeonpea a p p a r -
e n t l y 1 s n o r m a l l y s e l f - p o l l i n a t e d w i t h some
i n t e r c r o s s i n g r e s u l t i n g f r om bee a c t i v i t y
(Pa thak 1970 ) . Pe rcen tage o u t c r o s s i n g has
been r e p o r t e d f r o m 3% (Sen and Sur 1964) to
40% (Khan 1973 ) . In 1973/74 o u t c r o s s i n g was
27.9% i n rows o f o b t u s e l e a f / e x p o s e d s t i g m a
mutan t ( S i n g h e t a l . 1942 , Deshpande and
Jeswani 1956) a d j a c e n t t o rows o f normal a t
ICRISAT.
The consequence of an assumed 20% e f f e c -
t i v e i n t e r c r o s s i n g has been c a l c u l a t e d u s i n g
t h e f o r m u l a
where P=percen tage homozygos is , p r ime i n d i -
c a t e s t h e p r e c e d i n g g e n e r a t i o n , and h i s t h e
p e r c e n t s e l f i n g . F i g u r e 1 shows t h a t a t
e q u i l i b r i u m e x p e c t e d h e t e r o z y g o s i t y i s
a p p r o x i m a t e l y 15 2 /3%, wh ich i s l e s s homozy-
gous t h a n an F4 p o p u l a t i o n w i t h s e l f i n g . A l s o
shown i s t h e expec ted approach t o e q u i l i b r i u m
when two v a r i e t i e s a r e mixed i n equal p r o p o r -
t i o n s and a l l o w e d t o open p o l l i n a t e i n
s u c c e s s i v e g e n e r a t i o n s .
Lewis (1970) has rev iewed t h e v a r i o u s
systems o f m a i n t a i n i n g v a r i e t i e s o f c o t t o n , a 
c r o p i n w h i c h t h e p r o p o r t i o n o f s e l f - and
c r o s s - p o l l i n a t i o n i s very s i m i l a r t o t h a t o f
p i g e o n p e a . The c o m p l e x i t y o f most o f t h e
systems r e v i e w e d i n d i c a t e s t h e d e s i r a b i l i t y o f
r e l e a s i n g s t a b l e v a r i e t i e s , e s p e c i a l l y i n
s i t u a t i o n s where t h e c u l t i v a t o r i s l i k e l y t o
save h i s own seed f o r s e v e r a l y e a r s . How t h e
b r e e d e r d e c i d e s t o dea l w i t h h i s p rob lem i n
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Table 3. Reported Gene Effects for important Characteristics in Cajanus
C h a r a c t e r
P l a n t h e i g h t
Days t o f l o w e r i n g
Seed s i z e
Y i e l d
P r o t e i n c o n t e n t
(whole seed)
Gene e f f e c t s
Dominance and
n o n a d d i t i v e
A d d i t i v e
A d d i t i v e
A d d i t i v e x a d d i t i v e
a l s o
Dominance x dominance
A d d i t i v e x a d d i t i v e
a l s o
Dominance x dominance
A d d i t i v e as w e l l as




Sharma e t a l . 1972
Sharma e t a l . 1973
Sharma et a l . 1972 a 




Sharma e t a l . ( i n p r e s s )
Table 4. Heritability Estimates for Various Characteristics in Cajanus
C h a r a c t e r
P l a n t h e i g h t
P l a n t w i d t h
Days t o f l o w e r i n g
Seeds p e r pod
100 seed w e i g h t
G r a i n y i e l d
P r o t e i n c o n t e n t


















Khan and Rachie (1972)
Munoz and Abrams (1971)
Pandey (1972)
Munoz and Abrams (1971)
Pandey (1972)
Khan and Rachie (1972)
Munoz and Abrams (1971)
Pandey (1972)
Sharma e t a l . (1973)
Pandey (1972)
Sharma e t a l . (1972)
Pandey (1972)
Khan and Rachie (1972)
Munoz and Abrams (1971)
Sharma e t a l . ( i n p r e s s )
Pandey (1972)
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t h i s area w i l l i n f l u e n c e t h e problems f a c e d
by seed p r o d u c i n g agencies.
For a b e t t e r u n d e r s t a n d i n g o f t h e p o l l i -
n a t i o n o f pigeonpea, i n f o r m a t i o n i s needed o n
t h e p o l l e n v e c t o r s , t h e i r f e e d i n g h a b i t s ,
d u r a t i o n and d i s t a n c e o f t h e i r f o r a g i n g t r i p s
and t h e i r p r e v a l e n c e . W e a r e i n t e r e s t e d i n
r e s e a r c h o n t h e bee species v i s i t i n g pigeonpea
f l o w e r s a t Hyderabad, b u t r e a l i z e t h a t prev-
a l e n c e of t h e species concerned m i g h t be
l o c a t i o n s p e c i f i c and we would need i n f o r m a -
t i o n f r o m d i f f e r e n t areas.
Multiplicity of Cropping Systems
The many c r o p p i n g systems to which
pigeonpea i s adapted add t o i t s v a l u e , b u t
pose p e r p l e x i n g problems t o t h e p l a n t breeder.
The problem o f r e l a t i n g t h e environment o f t h e
b r e e d i n g nursery t o t h a t o f t h e f a r m e r s '
f i e l d s needs c o n s i d e r a t i o n , as does t h e
q u e s t i o n o f l i n e and v a r i e t y t e s t i n g . The
b r eeder i s tempted t o work w i t h pure s t a n d and
t o emphasize e a r l i e r m a t u r i t y , both o f which
s i m p l i f y h i s problems. Farmers, however,
m o s t l y p l a n t pigeonpea w i t h companion crops
and use a wide range of p l a n t d e n s i t i e s . The
b a s i c problems concern p l o t t e c h n i q u e s f o r
e v a l u a t i n g l o n g d u r a t i o n , i n d e t e r m i n a t e t y p e s
w i t h p r o t r a c t e d and r e p e t i t i v e f l o w e r i n g and
m a t u r i t y p e r i o d s .
Generation Time
With e a r l y v a r i e t i e s m a t u r i n g i n 120 days
and l a t e v a r i e t i e s r e q u i r i n g w e l l over 200
days, i t i s d i f f i c u l t t o advance g e n e r a t i o n s
r a p i d l y . A p p a r e n t l y i t w i l l b e p o s s i b l e t o
grow an o f f - s e a s o n n u r s e r y at ICRISAT where
t h e e a r l y t y p e s w i l l f l o w e r and mature. What
i s needed i s a means o f f o r c i n g f l o w e r i n g i n
young p l a n t s , s o t h a t t h e s i n g l e seed descent
method c o u l d be used to advance g e n e r a t i o n s to
reasonable g e n e t i c s t a b i l i t y f o r e f f e c t i v e
s e l e c t i o n . The p o s s i b i l i t y o f h a n d l i n g l a r g e
numbers i n a small area i s p a r t i c u l a r l y impor-
t a n t s i n c e mature p l a n t s are up to seven feet 
t a l l and can occupy as much as 16 t o 20 square
f e e t o f ground area. I f n o i n f o r m a t i o n i s y e t
a v a i l a b l e o n such a t e c h n i q u e , i t s h o u l d b e
w i d e l y i n v e s t i g a t e d . A l t e r n a t e p e r i o d s o f 1 7
hours of darkness and 7 hours of l i g h t have
been t e s t e d and f o u n d i n e f f e c t i v e .
Figure 1. Expected Average Percentage Heterozygosis in Succeeding
Generations with 100 and 80 Percent Selfing of F1 and




The broad o b j e c t i v e of t h e ICRISAT breed-
i n g program i s t o i n c r e a s e t h e l e v e l and
s t a b i l i t y o f y i e l d o f pigeonpeas i n t h e r a i n -
f e d s e m i a r i d t r o p i c s . The s p e c i f i c o b j e c t i v e s
a r e :
1 . High y i e l d i n g e a r l y types w i t h supe-
r i o r h a r v e s t index
2 . High y i e l d i n g l a t e r m a t u r i n g v a r i e t i e s
3. Development of disease r e s i s t a n t
( p a r t i c u l a r l y w i l t ) v a r i e t i e s
4 . Development o f i n s e c t r e s i s t a n t
v a r i e t i e s o r p e s t management systems
5 . Development o f c u l t i v a r s w i t h a c c e p t -
a b l e o r s u p e r i o r n u t r i t i o n a l v a l u e and
c o o k i n g q u a l i t y .
C u r r e n t l y t h e second crop i s i n t h e f i e l d
at ICRISAT. A b r e e d i n g program has been
i n i t i a t e d , and the p r o j e c t s c o m p r i s i n g t h e
program are s e t f o r t h below, w i t h t h e r a t i o -
n a l e f o r each b r i e f l y s t a t e d . I t i s hoped
t h a t t h e c o l l e c t i v e e x p e r i e n c e and knowledge
o f t h e workshop p a r t i c i p a n t s w i l l p r o v i d e t h e
b a s i s o f e f f e c t i v e c r i t i c i s m .
G e r m p l a s m C o l l e c t i o n
a n d E v a l u a t i o n
C o l l e c t i n g and c l a s s i f y i n g t h e pigeonpea
germplasm e x i s t i n g i n t h e w o r l d i s one o f t h e
ICRISAT's o b j e c t i v e s . Experience t o date
i n d i c a t e s t h a t t h e t y p e s grown more o f t e n as
p e r e n n i a l s a r e more abundant, s i n c e i n t h e
1973/74 c l a s s i f i c a t i o n t h e r e were 1 6 e a r l y ,
1714 midseason and 1184 l a t e t y p e s . In a 
c o l l e c t i o n r e p o r t e d on i n 1933, Shaw e t a l . ,
d i s t i n g u i s h e d 8 6 d i f f e r e n t t y p e s f r o m a l l o f
I n d i a , and Mehta and Dave (1931) l i s t e d 36
types fro m Madhya Pradesh. The p r e s e n t
c o l l e c t i o n i s being c l a s s i f i e d f o r a l l r e a d i l y
d i s t i n g u i s h a b l e c h a r a c t e r i s t i c s and s h o u l d
i d e n t i f y many combinations o f t h e c h a r a c t e r s
r e c o r d e d . However, a broad c l a s s i f i c a t i o n
based on p l a n t t y p e and h e i g h t , m a t u r i t y , and
seed s i z e r e s u l t e d i n t h e i d e n t i f i c a t i o n o f
o n l y t e n groups o f s i m i l a r t y p e s .
Breeding of Superior Varieties
For t h e purpose o f s h a r p e n i n g o b j e c t i v e s
and i d e n t i f y i n g i n d i v i d u a l r e s p o n s i b i l i t i e s
w i t h i n t h e program s e v e r a l p r o j e c t s are i n -
c l u d e d i n b r e e d i n g . The development o f e a r l y
m a t u r i n g v a r i e t i e s and development o f photo-
i n s e n s i t i v e t y p e s can b e d i s c u s s e d t o g e t h e r ,
s i n c e t h e m a t e r i a l w i l l be common, coming from
crosses i n v o l v i n g a l l p a r e n t a l t y p e s .
S e l e c t i o n among and w i t h i n t h e germplasm
c u l t u r e s w i l l p r o v i d e t h e f i r s t l i n e s f o r
e v a l u a t i o n . The m a j o r i t y o f t h e c u l t u r e s a r e
v a r i a b l e . I n 1973/74, 3602 s e l e c t i o n s were
made on t h e b a s i s o f seed c o l o r . S u p e r i o r
rows i n t h i s m a t e r i a l w i l l be y i e l d t e s t e d i n
K h a r i f i n 1975. Seed o f thes e s e l e c t i o n s w i l l
b e a v a i l a b l e t o i n t e r e s t e d breeders i n o t h e r
l o c a t i o n s .
There were 107 crosses made in 1973/74.
Most o f t h e s e a r e e a r l y x l a t e r t y p e s . The
most p r o m i s i n g o f thes e w i l l be advanced by
t h e m o d i f i e d b u l k method. Work r e p o r t e d by
Empig and Fehr (1971) f a v o r e d t h e m a t u r i t y
group b u l k method, and mass s e l e c t i o n i n b u l k
p o p u l a t i o n s has been shown to be e f f e c t i v e by
Romero and Frey (1966) and by B h a t t (1972).
S e g r e g a t i o n f o r m a t u r i t y i n these p o p u l a t i o n s
w i l l n e c e s s i t a t e g r o u p i n g . M i l d s e l e c t i o n w i l l
b e p r a c t i s e d , b u t s i n c e one o f o u r o b j e c t i v e s
i s t o make a v a i l a b l e b r e e d i n g p o p u l a t i o n s f o r
o t h e r a r e a s , s t r i n g e n t s e l e c t i o n under l o c a l
c o n d i t i o n s w i l l b e d e f e r r e d u n t i l progenies
a re grown f r o m F 4 p l a n t s .
Backcrossing
B a c k c r o s s i n g t o r e c o v e r t h e e a r l y p a r e n t
genotype w i t h l a r g e seed i s planned. Smith
(1966) and H a r t w i g (1972) have suggested t h a t
a h i g h e r number of d e s i r a b l e genes can be
t r a n s f e r r e d u s i n g a m o d i f i e d system. K n o t t
and T a l u k d a r (1971) used such a system to
t r a n s f e r l a r g e seed s i z e i n wheat. Since seed
s i z e has h i g h h e r i t a b i l i t y and a d d i t i v e
g e n e t i c v a r i a n c e (Sharma e t a l . 1972) pheno-
t y p i c s e l e c t i o n b e f o r e making t h e subsequent
backcross w i l l b e e f f e c t i v e and o n l y few
backcrosses may be adequate.
Modified Bulk Hybrid Method
The m o d i f i e d b u l k h y b r i d method w i l l be
used to advance g e n e r a t i o n s of t h e best crosses
f r o m h y b r i d s made in 1974/75. I n c l u d e d a r e a 
d i a l l e l o f 2 6 v a r i e t i e s and a n o t h e r d i a l l e l
s e t i n v o l v i n g t h e t e n groups o f germplasm
m a t e r i a l . Because o f t h e heterogeneous n a t u r e
o f these groups, l a r g e F 1 p o p u l a t i o n s w i l l b e
grown. These, a l o n g w i t h t h e p a r e n t s , w i l l be
d i v i d e d i n t o r e p l i c a t e s i n o r d e r t o d e t e r m i n e
more p r e c i s e l y t h e v a l u e o f t h e groups a s
p a r e n t m a t e r i a l , a s w e l l a s t o s e l e c t t h e F2's
to advance.
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The emphasis on t h e b u l k h y b r i d method
appears t o b e j u s t i f i e d o n t h e b a s i s o f t h e
I n c r e a s e d numbers t h a t can be h a n d l e d . A l s o ,
w i t h t h e n a t u r a l c r o s s i n g p r e v a i l i n g , e a r l y
a p p l i c a t i o n o f t h e p e d i g r e e method wou ld
n e c e s s i t a t e a r t i f i c i a l s e l f i n g , w h i l e w i t h
p l a n t s e l e c t i o n s d e f e r r e d t o F 4 , s e l f i n g can
b e s t a r t e d i n F 5 when s e l e c t i o n e f f i c i e n c y i s
h i g h e r . Two o r t h r e e a d d i t i o n a l g e n e r a t i o n s
o f s e l f i n g s h o u l d s u f f i c e t o f i x s i m p l e t r a i t s
and t o m i n i m i z e danger o f g e n e t i c d r i f t i n
s u c c e e d i n g open p o l l i n a t e d , g e n e r a t i o n s .
Photoinsensitivity
S e l e c t i o n f o r p h o t o i n s e n s i t i v e s e g r e -
ga tes w i l l b e done b y p l a n t i n g i n t h e o f f -
season a t Hyderabad. I n g e n e r a l , t h e e a r l y
m a t u r i n g v a r i e t i e s have been f ound to be
r e l a t i v e l y i n s e n s i t i v e , w h i l e t h e l o n g d u r a -
t i o n t y p e s a r e s t r o n g l y s e n s i t i v e ( F i g u r e 2 ) .
The range o f m a t u r i t y t h a t can be deve loped
i n i n s e n s i t i v e t y p e s w i l l de te rm ine t h e
u l t i m a t e v a l u e o f t h a t c h a r a c t e r .
Systems of Cultivation
B r e e d i n g n u r s e r i e s to da te have been
p l a n t e d as a pure s t a n d . W i th e a r l y x l a t e
c r o s s e s , i t seems a d v i s a b l e t o grow t h e F 2
p o p u l a t i o n s i n pu re s tands t o p r o v i d e a n
o p p o r t u n i t y f o r e a r l y t y p e s t o deve lop p r o p -
e r l y . From F3 onward , medium to l a t e ma tu r i ng
groups o f t h e h y b r i d p o p u l a t i o n s w i l l b e
p l a n t e d w i t h e i t h e r sorghum o r m i l l e t . Where
e a r l y p l a n t y i g o r i s b e i n g s e l e c t e d f o r pu re
s tands w i l l b e u s e d , a l t h o u g h t h e q u e s t i o n o f
p l a n t i n g e a r l y m a t u r i t y b u l k s w i t h a n e a r l y ,
low g r o w i n g legume has n o t been d e c i d e d .
A d v i c e f r o m t h i s workshop group i s r e q u e s t e d
c o n c e r n i n g p o s s i b i l i t i e s o f t h e b e s t use o f
e a r l y , p h o t o i n s e n s i t i v e v a r i e t i e s , t h e p o s s i -
Figure 2. Days to 5 0 % Flower for an Early Variety, T-21 and a Medium Matur ing
Var iety , ST-1. Planted at Month ly Intervals at ICRISAT. (Hours from
sunrise to sunset on the day of 5 0 % flowering are recorded wi th in
the figure along w i t h day and month of f lowering.)
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b i l i t i e s o f d i f f e r e n t p l a n t s p a c i n g s , compan-
i o n c r o p s , and t i m e o f p l a n t i n g f o r i n c r e a s i n g
u s e f u l n e s s of such v a r i e t i e s must be t a k e n
i n t o a c c o u n t b y b r e e d e r s .
Other Breeding Projects
The major emphasis i n t h e program w i l l be
on t h e p r a c t i c a l b r e e d i n g program. Not men-
t i o n e d above b u t o f c o n s i d e r a b l e importance
w i l l be i n t e r d i s c i p l i n a r y programs t o screen
t h e germplasm c u l t u r e s and t o breed f o r d i s -
ease and i n s e c t r e s i s t a n c e o r t o l e r a n c e .
These e f f o r t s w i l l be on t h e s c a l e deemed
necessary t o deal w i t h t h e problems, b u t a t
t h e t i m e o f w r i t i n g t h i s summary plans have
n o t been completed.
Study o f p o l l i n a t i o n o f pigeonpea i s
h o p e f u l l y a s h o r t t e r m p r o j e c t designed t o
determine t h e p a t t e r n s and e x t e n t o f n a t u r a l
c r o s s i n g and t o f i n d e f f e c t i v e methods o f
a r t i f i c i a l s e l f i n g and c r o s s i n g . Parchment
bags and v a r i o u s s i z e s of c l o t h bags were
t e s t e d d u r i n g t h i s p a s t season f o r c o n t r o l l e d
s e l f - p o l l i n a t i o n .
Germplasm u t i l i z a t i o n t e c h n i q u e s w i l l
i n c l u d e s t u d i e s on b r e e d i n g methodology. Pre-
sent p l a n s i n c l u d e e v a l u a t i o n o f p o p u l a t i o n
improvement w i t h and w i t h o u t i n t e r c r o s s i n g b y
hand; comparison o f d i f f e r e n t p o p u l a t i o n s i z e s
and s e l e c t i o n systems i n t h e b a c k c r o s s i n g p r o -
gram; and comparison o f y i e l d gains i n p o p u l a -
t i o n s f r o m s i n g l e , double and m u l t i p l e crosses.
These s t u d i e s w i l l be c o r r e l a t e d w i t h t h e
b r e e d i n g e f f o r t , u s i n g t h e same m a t e r i a l .
Induced m u t a t i o n s i n pigeonpea has a s i t s
main o b j e c t i v e t h e i n d u c t i o n o f p h o t o i n s e n s i -
t i v i t y i n s e n s i t i v e t y p e s . Second g e n e r a t i o n
m a t e r i a l w i l l be screened i n t h e 1974/75 o f f -
season, and o b s e r v a t i o n f o r o t h e r u s e f u l
c h a r a c t e r s w i l l be made.
I n t e r g e n e r i c h y b r i d i z a t i o n w i l l e x p l o i t
c h a r a c t e r s t r a n s f e r r e d f r o m A t y i o s i a s p e c i e s
and i n v e s t i g a t e t h e p o s s i b l e v a l u e o f such
h y b r i d s a t t h e t e t r a p l o i d a s w e l l a s d i p l o i d
l e v e l . De and Reddy (1972) p o s t u l a t e d t h a t
Cajanus has d e r i v e d f r o m A t y i o s i a l i n e a t a , and
some d e r i v e d l i n e s f r o m t h a t cross as w e l l as
o t h e r s are c u r r e n t l y i n our program. Since
Dr. Reddy i s a s s o c i a t e d w i t h t h e program, i t
seems a d v i s a b l e t o c o n t i n u e t h i s work u n t i l
more d e f i n i t e c o n c l u s i o n s can be drawn on i t s
p o s s i b l e v a l u e i n pigeonpea improvement.
C o o p e r a t i v e i n t e r n a t i o n a l b r e e d i n g de-
serves d i s c u s s i o n b y a l l c o u n t r y r e p r e s e n -
t a t i v e s here. A n a d a p t a t i o n t r i a l i s planned
i n 1975, f o r which r e p r e s e n t a t i v e t y p e s o f
t h r e e m a t u r i t y groups w i l l be made a v a i l a b l e .
Data w i l l be c o l l e c t e d and summarized a t
ICRISAT and t h e r e s u l t s s h o u l d s e r v e as a 
guide i n s e l e c t i o n o f b r e e d i n g m a t e r i a l f o r
d i f f e r e n t areas. The second stage w i l l be t h e
f u r n i s h i n g o f s e l e c t e d b r e e d i n g l i n e s f o r
s i n g l e p l o t n u r s e r y o b s e r v a t i o n and s e l e c t i o n .
Types s e l e c t e d i n t h e germplasm c o l l e c t i o n may
be o f i n t e r e s t t o some b r e e d e r s , and such a 
n u r s e r y c o u l d be made a v a i l a b l e f o r p l a n t i n g
in 1975. As p o p u l a t i o n s a r e developed, t h e s e
w i l l b e a v a i l a b l e f o r e v a l u a t i o n and t e s t i n g
by b r e e d e r s . ICRISAT hopes to c o o r d i n a t e an
i n t e r n a t i o n a l t e s t i n g program f o r new l i n e s
f r o m a l l b r e e d i n g programs. This must be a 
j o i n t e f f o r t , planned s o i t w i l l n o t d u p l i c a t e
c u r r e n t e f f o r t s b u t w i l l b e a v a l u a b l e a d d i -
t i o n . We w i l l welcome d i s c u s s i o n .
Breeding f o r improved q u a l i t y i s a p r o j e c t
w i t h many unanswered q u e s t i o n s . The p r o d u c t s
o f t h e b r e e d i n g program w i l l b e v a l u a b l e o n l y
i f t h e y f i l l a need i n t h e w o r l d ' s f o o d supply.
The q u a l i t y o f new l i n e s w i l l b e determined
w i t h r e s p e c t t o p r o t e i n c o n t e n t , and i t 1 s
hoped c o o k i n g t i m e and q u a l i t y as w e l l as food
v a l u e can b e measured. However, i t i s n o t
apparent which aspects of q u a l i t y can be han-
d l e d i n t h e e a r l y g e n e r a t i o n s o f t h e b r e e d i n g
program.
Nutritional Value
The range o f t o t a l p r o t e i n i n t h e seed i s
r e l a t i v e l y narrow, a p p r o x i m a t e l y f r o m 18% t o
24%. However, t h e r e a r e r e p o r t s of up to 30%
t o 32% p r o t e i n (van Schaik 1971). P r e l i m i n a r y
t e s t s a t ICRISAT show t h a t p r o t e i n i n t h e dhal
i s 2 % t o 6 % h i g h e r than i n t h e whole g r a i n ,
w i t h a poor r e l a t i o n s h i p between whole g r a i n
and dhal p r o t e i n . A p p a r e n t l y dhal p r o t e i n
s h o u l d b e determined d i r e c t l y . I f t h i s t r a i t
does n o t have a h i g h e r h e r i t a b i l i t y t h a n does
whole g r a i n p r o t e i n , s e l e c t i o n i n e a r l y gener-
a t i o n s on a p l a n t b a s i s would n o t be very 
p r o d u c t i v e .
L i k e o t h e r legumes, pigeonpea i s d e f i -
c i e n t i n t h e s u l p h u r amino a c i d s , c y s t i n e ,
m e t h i o n i n e and t r y p t o p h a n . A d d i t i o n o f methio-
n i n e and t r y p t o p h a n i n c r e a s e s t h e p r o t e i n
e f f i c i e n c y r a t i o o f pigeonpea c o n s i d e r a b l y
( P a r p i a 1973). W i t h s u i t a b l e p a r e n t m a t e r i a l
and r a p i d s c r e e n i n g t e c h n i q u e s , m o d i f i c a t i o n
o f t h e amino a c i d p r o f i l e c o u l d b e a r e a l i s t i c
b r e e d i n g o b j e c t i v e . M e t h i o n i n e and t r y p t o p h a n
have been found t o d i f f e r s i g n i f i c a n t l y among
v a r i e t i e s ( S i n g h e t a l . 1973) w i t h t h e w i d e r
range o c c u r r i n g i n m e t h i o n i n e . V a r i e t y d i f -
f e r e n c e s i n d i g e s t i b i l i t y o f p r o t e i n were
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r e p o r t e d by Ramaiah and Satyanarayan (1938)
and by Bressani (1973) who found two v a r i e t i e s
w i t h 59% t o 90% p r o t e i n d i g e s t i b i l i t y . Such
r e p o r t s encourage c o n s i d e r a t i o n of a b r e e d i n g
program t o m o d i f y p r o t e i n c o m p o s i t i o n .
More immediate r e s u l t s might be r e a l i z e d
t h r o u g h agronomic m a n i p u l a t i o n . Bressani
(1973) r e p o r t e d t h a t t h e amino a c i d c o n t e n t o f
legume g r a i n s depends on s p e c i e s , v a r i e t i e s ,
l o c a l i t i e s and management p r a c t i c e s . He a l s o
p o i n t e d o u t t h a t uptake o f z i n c and a p p l i c a -
t i o n o f s u l p h u r i n c r e a s e s m e t h i o n i n e c o n t e n t
i n peas c o n s i d e r a b l y . N i k o l o v and Peter-
b u r g s k i i (1967) r e p o r t e d t h a t a p p l i c a t i o n o f
0.25% s o l u t i o n o f ammonium molybdate i n V i c i a
faba i n c r e a s e d seed y i e l d , n i t r o g e n c o n t e n t
and t r y p t o p h a n in seed. Also Eppendorfer
(1969) r e p o r t e d t h a t m e t h i o n i n e and c y s t i n e
i n seed n i t r o g e n were c o n s i d e r a b l y i n c r e a s e d
by s u l p h u r a p p l i c a t i o n . This aspect needs to
b e i n v e s t i g a t e d i n pigeonpeas. I t appears t o
b e e a s i e r t o improve t h e p r o t e i n q u a l i t y b y
agronomic p r a c t i c e s r a t h e r than by g e n e t i c
m a n i p u l a t i o n i n t h e absence o f r e q u i r e d










E.S. W a l l i s :
W.V. Royes:
DISCUSSION
I use t h e h a r v e s t index concept based on t h e c a l c u l a t e d area which
t h e leaves cover. I assume t h a t y i e l d per u n i t o f area covered i s
c o r r e l a t e d w i t h t h e p h o t o s y n t h e t i c and o t h e r m e t a b o l i c e f f i c i e n c y o f
t h e p l a n t s . I use h i g h s e l e c t i o n pressure f o r s e l e c t i n g s i n g l e
p l a n t s by measuring t h e p l a n t s i z e and d e t e r m i n i n g a c a l c u l a t e d
measure o f h a r v e s t index. There i s no o t h e r way t o do i t and s t i l l
r e t a i n t h e p l a n t f o r seed p r o d u c t i o n . W e have s e l e c t e d f o r e a r l i n e s s
and now can g e t at l e a s t t h r e e g e n e r a t i o n s per y e a r . This enables
u s t o use t h e s i n g l e seed descent method e f f i c i e n t l y and e f f e c t i v e l y .
V a r i a b i l i t y i n h a r v e s t index e x i s t s but i t i s not n e c e s s a r i l y
c o r r e l a t e d w i t h y i e l d . T o t a l d r y m a t t e r p r o d u c t i o n and h a r v e s t index
both need to be measured.
I n t h e s e l e c t i o n o f d e s i r a b l e p l a n t s what y i e l d components s h o u l d b e
considered?
Reference p o p u l a t i o n in F2 does n o t r e p r e s e n t both g e n e r a t i o n s . We
w i l l s e l e c t t h e F 2 p l a n t s t o proceed t o t h e next g e n e r a t i o n . A few
years ago, q u a n t i t a t i v e g e n e t i c s and l a t e r p h y s i o l o g i c a l g e n e t i c s
were going t o s o l v e the p l a n t breeders' problems. Now i t sounds a s
i f h a r v e s t index i s t h e t h i n g .
We p l a n to delay s e l e c t i o n to F4 and s e l f rows in t h e F5.
Low y i e l d p o t e n t i a l i s n o t n e c e s s a r i l y t r u e f o r t h e g r a i n legumes.
Y i e l d s of 3 to 3-1/2 tons per ha are p o s s i b l e f o r pigeonpeas and
chickpeas. I n p r o t e i n , t h i s i s equal t o s i x tons o f c e r e a l produc-
t i o n . We should not be l o o k i n g f o r small increments on t o p of low
y i e l d s . Agronomic and pest c o n t r o l p r a c t i c e s are i m p o r t a n t .
What should be t h e s e l e c t i o n c r i t e r i o n ?
Are t h e r e comments on t h e proposed b r e e d i n g procedures?
P h o t o s e n s i t i v i t y , e a r l i n e s s , and drought t o l e r a n c e should be
c o n s i d e r e d . For drought t o l e r a n c e s m a l l e r seed s i z e dormancy d u r i n g
s t r e s s , and q u i c k r e c o v e r y a f t e r s t r e s s are needed.
For u s p h o t o i n s e n s i t i v i t y g i v e s synchrony i n f l o w e r i n g .
I have bred a d a y l e n g t h i n s e n s i t i v e v a r i e t y which has d e t e r m i n a r y
o r synchrony o f f l o w e r i n g .
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R.P. Ariyanayagam: How do you p l a n to handle t h e F1's of 38 c r o s s d i a l l e l ? 
D. Sharma: We w i l l s e l e c t among t h e F 1s. H y b r i d v i g o r w i l l r e f l e c t v a l u e o f
p a r e n t s . W e would l i k e t o d i s c u s s t h i s p o i n t f u r t h e r .
T. Bezuneh: Management can i n c r e a s e y i e l d s . A major concern is the percentage
o f p r o t e i n .
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Table 1. Distribution, Production and Yieid of Chickpeas and Pigeonpeas in Different States of India (1971-72)
S t a t e
Andhra Pradesh
Assam
B i h a r




K e r a l a
Madhya Pradesh
Maha rash t ra
Meghalaya
Mysore
O r i s s a
Pun jab
R a j a s t h a n
Tami l Nadu
U t t a r Pradesh
West Bengal
D e l h i
T r i p u r a
Dadra and
Nagar H a v e l i
A l l I n d i a
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c o n s i d e r a t i o n s of chickpeas and pigeonpeas,
based p r i m a r i l y o n t h e work done i n t h e A l l
I n d i a C o o r d i n a t e d Research P r o j e c t o n t h e




Soil and Preparatory Tillage
Salinity
The crop i s h i g h l y a d a p t a b l e t o d i f f e r e n t
s o i l c o n d i t i o n s b ut t h r i v e s b e st on deep loam
s o i l s f r e e f r o m e x c e s s i v e s o l u b l e s a l t s
(Moolani and Chandra 1970). High s e n s i t i v i t y
o f t h e crop t o s a l i n e and a l k a l i s o i l c o n d i -
t i o n s i s e v i d e n t from r e s e a r c h i n New D e l h i ,
where t h e crop o f G-24 chic k p e a f a i l e d com-
p l e t e l y on s o i l w i t h pH 8.4 and e l e c t r i c a l
c o n d u c t i v i t y (E.C.) of 1.8 mm hos/cm in 1:2
s o i l w a t e r suspension and i r r i g a t e d w i t h water
h a v i ng pH of 7.4, E.C. 2.6 mm hos/cm and SAR
of 7.8 ( S a r a f and Davis 1969).
Aeration
Chickpea p l a n t s a r e h i g h l y s e n s i t i v e t o
poor a e r a t i o n i n the s o i l (Mehta 1968). This
imposes a r e s t r i c t i o n f o r p r o d u c t i o n on very
heavy s o i l s and c a l l s f o r s p e c i a l care i n seed-
bed p r e p a r a t i o n . D a t t and Kathavate (1969)
have r e p o r t e d t h a t a moderate compaction g i v -
i n g a b u l k d e n s i t y v a l u e of 1.6 g/cc r e s u l t e d
i n best growth o f chickpea and h i g h e r b u l k
d e n s i t y reduced t h e d r y w e i g h t of stem and
r o o t s .
Tillage
The t i l l a g e r e q u i r e m e n t s f o r t h e crop
v a r i e s a c c o r d i n g t o s o i l t y p e . O n s o i l s t e n -
d i n g t oward h e a v i e r t e x t u r e , a rough seedbed
1s recommended. "Winter" r a i n s w i l l n o t pack
a c l o d d y s u r f a c e and t h e a e r a t i o n is unob-
s t r u c t e d . The o p p o s i t e e f f e c t would occur i f
t h e seedbed were f i n e l y prepared.
Deep Tillage
For r a i n f e d c h i c k p e a , deep t i l l a g e d u r i n g
t h e r a i n y season has been found to be b e n e f i -
c i a l as i t opens up t h e ground, ensures
g r e a t e r c o n s e r v a t i o n o f m o i s t u r e and reduces
p h y s i o l o g i c a l w i l t , p a r t i c u l a r l y o n the s o i l s
which t e n d t o develop hard pans i n the r o o t
zone (Moolani and Chandra 1970). Bunding and
s t i r r i n g o f t h e s o i l t o promote i n f i l t r a t i o n
d u r i n g r a i n y season has been r e p o r t e d t o
i n c r e a s e y i e l d o f c h i c k p e a a t Rohtak
( A r g i k a r 1970).
Planting Variables
Depth of Planting
Depth o f p l a n t i n g i s a n i m p o r t a n t f a c t o r
f o r r a i n f e d c h i c k p e a s a s i t a f f e c t s b o t h t h e
i n i t i a l g e r m i n a t i o n and t h e subsequent m o r t a l
i t y . P l a n t i n g a t a dep th o f abou t 10 cm i s
f ound b e t t e r t h a n t h e s h a l l o w e r p l a n t i n g a t
5 c m f o r t h e r a i n f e d c r o p , whereas t h e i r r i -
ga ted c rop can be p l a n t e d at 5 cm. T a b l e 2 
shows p l a n t i n g a r a i n f e d c r o p o f G-130 c h i c k -
pea at Ludh iana at 3 cm on loamy sand s o i l
r e s u l t e d i n abou t 42.7% m o r t a l i t y compared t o
a 33.8% m o r t a l i t y when p l a n t i n g was done at
10 cm (Kaul e t a l . 1 9 7 4 ) .
Date of Planting
Date o f p l a n t i n g has p roved to be t h e
s i n g l e most i m p o r t a n t v a r i a b l e a f f e c t i n g t h e
y i e l d o f c h i c k p e a s . Exper imen ts conduc ted 1 n
t h e A l l I n d i a C o o r d i n a t e d Pu lses Improvement
P r o j e c t a t d i f f e r e n t c e n t e r s o v e r l a s t s e v e r a l
Table 2. Effect of Depth of Planting and Irrigation
at 65 Days After Planting on the Plant
Mortality in Chickpea Variety G-130 on
Loamy Sand Soil of Ludhiana During
1973-74 (Kaul, Sekhon and Dhingra, 1974)
D e p t h o f




M o r t a l i t y p e r c e n t a g e
No i r r i g a t i o n
4 2 . 7
3 3 . 8
I r r i g a t i o n




Table 3. Yield of Chickpeas (kg/ha) as Affected by Dates of Planting, Row Spacings and Seed Rates at
Different Centers in Uttar Pradesh
Trea tmen ts
Dates o f p l a n t i n g











Seed r a t e
75 kg /ha
100 kg /ha
































































































Table 4. Yield of Chickpeas (kg/ha) as Affected by Dates of Planting at Different Centers of the All India
Coordinated Research Project on Pulse Improvement During 1972-73 and 1973-74
Trea tmen ts
Dates o f p l a n t i n g
Oc tober 1 











































































































y e a r s i n v a r i a b l y r e v e a l e d t h a t p l a n t i n g f r o m
15-30 Oc tober was b e s t f o r most o f t h e c h i c k -
pea g r o w i n g a reas o f t h e s e m i a r i d n o r t h I n d i a n
p l a i n s (Tab les 3 and 4 ) . For p e n i n s u l a r I n d i a
t h e f i r s t f o r t n i g h t o f Oc tobe r was b e s t
( T a b l e 4 ) . De lay r e s u l t e d i n consp icuous
y i e l d r e d u c t i o n , wh i ch c o u l d n o t b e compen-
s a t e d b y i n c r e a s e d p l a n t p o p u l a t i o n .
I n t h e humid s u b t r o p i c a l c o n d i t i o n s o f
N a i n i t a l T a r a i , t h e response o f c h i c k p e a s t o
da tes o f p l a n t i n g was a t v a r i a n c e w i t h t h a t
o b t a i n e d a t o t h e r c e n t e r s i n t h e n o r t h I n d i a n
p l a i n s . L a te sowing 1n November was b e t t e r a t
Pantnagar i n t h e " w i n t e r " seasons wh ich were
c h a r a c t e r i z e d b y r e l a t i v e l y more r a i n f a l l . I n
d r y " w i n t e r " seasons t h e t r e n d was t h e same as
f o r r e s t o f t h e n o r t h I n d i a n p l a i n s ( T a b l e 3 ) .
T h i s d i f f e r e n c e was caused by v a r i a t i o n s i n
t h e i n c i d e n c e o f S c l e r o t i n i a b l i g h t and o t h e r
b l i g h t s w h i c h became more d e t r i m e n t a l i n
seasons o f h i g h h u m i d i t y and i n t h e s tands
w i t h dense p o p u l a t i o n . V a r i e t a l d i f f e r e n c e s
i n t h i s r e g a r d were i m p o r t a n t , and v a r i e t i e s
s u s c e p t i b l e t o a e r i a l b l i g h t s ( e . g . , H-335 and
T-3 ) showed h i g h e r r e d u c t i o n i n y i e l d under
e a r l y p l a n t i n g s t h a n t h e r e l a t i v e l y more
r e s i s t a n t v a r i e t i e s ( T a b l e 5 ) . Scope f o r
v a r i a t i o n s i n d a t e s o f p l a n t i n g i s a v a i l a b l e
m o s t l y i n I r r i g a t e d a g r i c u l t u r e . For r a i n f e d
c h i c k p e a s , p l a n t i n g s h o u l d be done a t t h e
f i r s t a v a i l a b l e o p p o r t u n i t y when t h e m o i s t u r e
i n t h e s o i l i s adequa te f o r g e r m i n a t i o n .
S t u d i e s a t Pan tnagar r e v e a l e d t h a t p l a n t i n g
a t 30% to 50% o f a v a i l a b l e m o i s t u r e s t a t u s
o b t a i n e d b e s t g e r m i n a t i o n .
Planting Space
Chickpeas show a h i g h degree o f a d j u s t -
a b i l i t y t o t h e a v a i l a b l e s p a c e ; responses t o
smal l v a r i a t i o n s i n row s p a c i n g a r e n e g l i g i b l e .
G e n e r a l l y y i e l d s have been h i g h e r w i t h 30 cm
row s p a c i n g compared to 45 or 60 cm row
s p a c i n g , w i t h f i x e d p l a n t p o p u l a t i o n s i n t h e
t r i a l s conduc ted i n t h e A l l I n d i a C o o r d i n a t e d
Pu lses Improvement P r o j e c t ( T a b l e s 3 and 4 ) .
S i m i l a r r e s u l t s ( T a b l e 6 ) have been r e p o r t e d
f r o m New D e l h i (B a ins and Chowdhury 1 9 7 1 ) .
Interactions Among
Planting Variables
I n t e r a c t i o n s among d a t e o f p l a n t i n g and
row s p a c i n g and among v a r i e t i e s and row spac -
1ngs have been obse rved at Pan tnaga r , where a 
t r e n d f o r b e t t e r pe r fo rmance w i t h w i d e r row
s p a c i n g (45 o r 60 cm) i n t h e e a r l i e r da tes o f
p l a n t i n g and n a r r o w e r row s p a c i n g (30 cm) w i t h
l a t e r p l a n t i n g d a t e s has been o b s e r v e d . A l s o ,
v a r i e t i e s s u s c e p t i b l e t o a e r i a l b l i g h t t ended
Table 5. Varietal Differences in Response of
Chickpeas, in Terms of Grain Yield
(kg/ha), to Dates of Planting and Row
Spacing at Pantnagar During 1972-73
Trea tmen ts
Dates o f
p l a n t i n g
O c t . 1 
O c t . 15






































t o p e r f o r m b e t t e r w i t h w i d e r row s p a c i n g
( T a b l e 5 ) . I n p e n i n s u l a r I n d i a , t h e r e i s a 
t r e n d f o r 45 cm row spac ing to be b e t t e r t han
30 cm ( T a b l e 4 ) .
Seeding Rates
Seed r a t e s of 50 to 75 kg /ha have been
s u f f i c i e n t f o r t h e Deshi v a r i e t i e s ( T a b l e 3 ) ,
whereas a seed r a t e of 75 to 100 kg /ha has
p roved good f o r K a b u l i t y p e s (Moo lan i and
Chandra 1970 ) . S t u d i e s on p l a n t i n g geometry
w i t h C-235 c h i c k p e a a t Pantnagar r e v e a l e d no
s t a t i s t i c a l l y s i g n i f i c a n t advantage o f square
geomet ry ( 1 : 1 ) o v e r a deep r e c t a n g u l a r one
4 : 1 ) , a l t h o u g h t h e r e was a t r e n d toward




S t u d i e s o n removal o f n i t r o g e n , phospho-
r u s and p o t a s s i u m by a c h i c k p e a c r o p y i e l d i n g
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Table 6. Effect of Interrow Spacing on the Grain
Yield (kg/ha) of Chickpeas at Delhi
Row
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around 3 0 q u i n t a l s g r a i n and a b o u t 4 5 q u i n t a l s
o f s t r a w ( S i n g h 1969) r e v e a l e d t h a t w i t h t h e
sandy loam s o i l o f New D e l h i , t h e t o t a l r e -
moval p e r ha was 144 kg N (99 kg G + 45 kg S ) ,
31 kg P 2 0 5 ( 2 3 . 7 kg G + 7 . 3 kg S) and 80 kg
K2O (37 kg G + 43 kg S ) . Most of t h e n i t r o g e n
i s o b t a i n e d f r o m s y m b i o t i c N f i x a t i o n . Hence
n o p o s i t i v e responses t o l a r g e a p p l i c a t i o n s o f
n i t r o g e n have been o b t a i n e d (USDA 1 9 6 8 ) .
S t a r t e r n i t r o g e n a p p l i c a t i o n s r a n g i n g
f r o m 15-25 kg N p e r ha have g i v e n p o s i t i v e
responses under f a r m e r s ' f i e l d s (Mann 1968)
and i n some e x p e r i m e n t a l c o n d i t i o n s w i t h p o o r ,
sandy s o i l s (P rasad 1964 ; M a n j h i 1968 ; S ingh
1 9 7 1 ; S ingh and R a t h i 1 9 7 2 ) . I n t h e Coor -
d i n a t e d Program o f t h e Pu l se P r o j e c t , t h e same
t r e n d has been o b s e r v e d ( T a b l e s 8 , 9 & 1 0 ) .
A p p l i c a t i o n o f h i g h r a t e o f N (100 k g N / h a ) ,
w i t h a v iew t o e l i m i n a t i n g s y m b i o t i c N f i x a -
t i o n , have n o t p roved e f f e c t i v e i n i n c r e a s i n g
t h e y i e l d s (USDA 1 9 6 8 ) . Such a c r o p t e n d s to
become e x c e s s i v e l y v e g e t a t i v e and i t s r e p r o -
d u c t i v e g r o w t h s u f f e r s .
Rhizobium Inoculation
Table 7. Effect of Plant Population and Planting
Geometry on the Grain Yield (kg/ha) of
C-235 Chickpeas at Pantnagar During
1970-71
Trea tmen t
P l a n t p o p u l a t i o n




P l a n t i n g geomet ry
1 : 1 Square
2 : 1 R e c t a n g u l a r
4 : 1 Deep-
r e c t a n g u l a r
CD 5% 




G r a i n









Responses t o i n o c u l a t i o n w i t h t h e
Rh izob ium c u l t u r e s have been m a r g i n a l , and
m o s t l y s t a t i s t i c a l l y n o n s i g n i f i c a n t . S i n c e
e x c e l l e n t n o d u l a t i o n has been r e p o r t e d even i n
u n i n o c u l a t e d c o n d i t i o n i n most c a s e s , i t
appears t h e s t r a i n s b e i n g I n t r o d u c e d i n t h e
r h i z o s p h e r e w i t h t h e c u l t u r e a r e n o t b e t t e r
t h a n t h e ones a l r e a d y p r e s e n t i n t h e s o i l .
T h i s d e m o n s t r a t e s t h e need f o r e v o l v i n g s t r a i n s
w h i c h a r e more e f f i c i e n t t han t h e n a t i v e f l o r a
i n t h e c h i c k p e a f i e l d s .
Phosphorus Response
Responses t o phosphate a p p l i c a t i o n have
been q u i t e c o n s p i c u o u s o n f a r m e r s ' f i e l d s
(Mann 1968 ; Chowdhury 1969 ; P a n i k k a r 1 9 6 1 ) .
About 20-30% i n c r e a s e i n y i e l d was o b t a i n e d i n
t h e s i m p l e f e r t i l i z e r t r i a l s o n c u l t i v a t o r s '
f i e l d s conduc ted f r o m 1958-1962 b y a p p l i c a t i o n
o f 34 t o 67 kg P2O5 pe r ha t o r a i n f e d c h i c k -
peas o n a l l u v i a l s o i l s o f B ihar - , P u n j a b ,
Ha ryana , U t t a r P r a d e s h , West Bengal and
R a j a s t h a n . T h i r t y t o f o r t y p e r c e n t i n c r e a s e
was o b t a i n e d w i t h t h e same r a t e on r e d and
b l a c k s o i l s o f U t t a r Pradesh and d e s e r t s o i l s
o f R a j a s t h a n .
Responses to 50 and 75 kg P2O5 a p p l i c a -
t i o n have been p o s i t i v e and s t a t i s t i c a l l y
s i g n i f i c a n t i n a l l such t r i a l s o f t h e A l l
I n d i a C o o r d i n a t e d P r o j e c t where t h e a v a i l a b l e




Table 10. Effect of Inoculation, Nitrogen and
Doses and Methods of P Application on
Grain Yield (kg/ha) of
Pantnagar
Trea tmen ts
N and I n o c u l a t i o n
C o n t r o l
I n o c . ( I A R I
S t r a i n )
25 kg N/ha
I n o c . O A R I )
+ 25 kg N/ha
I n o c . ( L o c a l
S t r a i n )
I n o c . ( L o c a l
S t r a i n )
+ 25 kg N/ha
CD 5% 
P t r e a t m e n t s
C o n t r o l
25 kg P 2 0 5 / h a (A)
50 kg P205/ha (A)
75 kg P 2 0 5 / ha (A)
25 kg P 2 0 5 / ha
(1/2A + 1/2B)
50 kg P 2 O 5 /ha
(1/2A + 1/2B)








































































No advan tage has been o b t a i n e d f rom f o l i a r
a p p l i c a t i o n o f P i n t h e s e t r i a l s . Placement
o f t h e p h o s p h a t i c f e r t i l i z e r s below t h e seed
has been b e t t e r t han b r o a d c a s t a p p l i c a t i o n , as
t h i s i n c r e a s e s t h e up take o f f e r t i l i z e r
phospho rus , g row th and u l t i m a t e l y t h e y i e l d
(S inha 1972) .
Potassium Response
Not much work has been done on t h e
response o f c h i c k p e a t o K a p p l i c a t i o n . S t u d -
i e s i n t h e Reg iona l Pu lse Improvement P r o j e c t
of t h e USDA, ARS AND USAID (1968) at d i f f e r e n t
l o c a t i o n s r e v e a l e d l a c k o f response o f c h i c k -
peas to a p p l i c a t i o n o f K , wh i ch has to be
a t t r i b u t e d t o h i g h a v a i l a b l e K c o n t e n t o f t h e
s o i l . Depress ion i n y i e l d due t o a p p l i c a t i o n
of 34 kg K20 per ha was observed at Pusa in
B i h a r , and in West Bengal ( A r g i k a r 1970) .
Micronutr ients
S t u d i e s o n m i c r o n u t r i e n t s i n ch i ckpeas
have a l s o been v e r y l i m i t e d . The c rop seems
t o b e q u i t e t o l e r a n t t o z i n c d e f i c i e n c y
(Saxena and S ingh 1971 ) . However, under t h e
c o n d i t i o n o f a c u t e d e f i c i e n c y , a s r e v e a l e d b y
b r o n z i n g and s t u n t i n g o f l e a v e s , t h e c r o p i s
b e n e f i t t e d b y f o l i a r s p r a y o f 0 .5 per c e n t
z i n c s u l p h a t e w i t h 0.25% l i m e . A p p l i c a t i o n o f
molybdenum was f ound t o i n c r e a s e t h e y i e l d o f
ch i ckpea by 16% o v e r t h e c o n t r o l a t V i j a p u r in
G u j a r a t (Saxena and S ingh 1971) .
Water Requirement and Irrigation
Water r e q u i r e m e n t ( t r a n s p i r a t i o n r a t i o )
of c h i c k p e a s has been r e p o r t e d to be 1000
compared to 550 f o r wheat ( L e a t h e r 1 9 1 0 ) . A 
c h i c k p e a c rop meets t h i s h i g h w a t e r r e q u i r e -
ment f r o m conse rved m o i s t u r e i n deep s o i l s
wh ich have been p r o p e r l y r e s t o r e d w i t h a v a i l -
a b l e m o i s t u r e d u r i n g t h e p r e c e d i n g r a i n y
season . In t h e absence o f enough s t o r e d
m o i s t u r e o r w i n t e r p r e c i p i t a t i o n , t h e c rop
responds v e r y w e l l t o supp lementa l i r r i g a t i o n
( S a r a f and Davis 1969 ; Chowdury e t a l . , 1972 ;
Mehta 1968; Pastane e t a l . , 1 9 7 1 ; Chowdhury
1969 ) .
Work i n t h e A l l I n d i a C o o r d i n a t e d Pu lse
Improvement P r o j e c t (Tab les 1 1 , 12 and 13)
r e v e a l e d a p o s i t i v e response t o i r r i g a t i o n
where w i n t e r r a i n s were n e g l i g i b l e . One
i r r i g a t i o n a t 4 5 o r 7 5 days a f t e r p l a n t i n g o r
a t pod f i l l i n g s tage g e n e r a l l y i n c r e a s e d the
y i e l d . On t h e sandy s o i l s with a low water 
h o l d i n g c a p a c i t y , i r r i g a t i o n a t e a r l i e r s tages
was more i m p o r t a n t , a s i t reduced t h e m o r t a l -
i t y o f s e e d l i n g s and p h y s i o l o g i c a l w i l t
c o n s i d e r a b l y ( T a b l e 2 ) . I r r i g a t i o n a t pod
f i l l i n g i n c r e a s e d t h e p r o p o r t i o n o f e f f e c t i v e
pods . On v e r y heavy s o i l s , an adverse e f f e c t
o f i r r i g a t i o n has been r e p o r t e d because o f
i m p a i r e d a e r a t i o n . The c rop does r e c o v e r when
t h e s o i l a e r a t i o n i s improved b y t i l l a g e .
Weed Control
Weeds o f f e r s e r i o u s c o m p e t i t i o n t o c h i c k -




Table 13. Effect of Irrigation on the Grain Yield
(kg/ha) of Chickpeas at Pantnagar
Treatments
No i r r i g a t i o n
I r r i g a t i o n 45 DAP
I r r i g a t i o n 75 DAP
I r r i g a t i o n 105 DAP
I r r i g a t i o n 4 5 and
75 DAP

































r e d u c t i o n i n t h e y i e l d ( T r i p a t h i 1967, Bains
and Chowdry 1971). Depending upon t h e i n c i -
dence o f weed i n f e s t a t i o n , t h e magnitude o f
l o s s changes ( T a b l e s 14a and 14b). G r e a t e r
weed i n f e s t a t i o n u s u a l l y occurs on t h e i r r i -
g a t ed c rop t h a n t h e u n i r r i g a t e d one.
Common weeds. Chenopodium album,
Asphoedelus t e n u i f o l i u s , Argemone mexicana,
Fumaria p a r v i f l o r a . Polygonum plebejum,
L a t h y r u s spp., V i c i a s a t i v a , Euphorbia
d r a c u n u c u l o i d e s and P h a l a r i s minor are common
annual weeds. Cyperus r o t u n d u s , Cynodon
d a c t y l o n and C i r s i u m arvense a r e common
p e r e n n i a l weeds.
Mechanical weeding at 30, 45 or 60 days
a f t e r p l a n t i n g or two weedings at 30 and 60
days a f t e r p l a n t i n g have i n v a r i a b l y r e s u l t e d
i n y i e l d s a t par w i t h c o m p l e t e l y weed f r e e
c o n d i t i o n s . Thus 30-60 days a f t e r p l a n t i n g i s
t h e most c r i t i c a l p e r i o d f o r weed c o m p e t i t i o n .
Prometryne (@ 0.25 kg a . i . / h a ) , a l a c h l o r e
(@ 1 kg a . i . / h a ) , n i t r o f e n (@ 1.0 kg a . i . / h a )
have proved to be e f f e c t i v e preemergence
h e r b i c i d e s ( T a b l e 14a). T r i b u n i l (@ 2 kg/ha)
and T e r b u t r y n e (@ 1 kg/ha) have a l s o proved to
b e h i g h l y e f f e c t i v e preemergence h e r b i c i d e s a t
New D e l h i (Mani et a l . , 1974) and Dosanex (@
1.0 to 1.5 kg/ha) at Ludhiana and New D e l h i
c e n t e r s ( T a b l e 14a). S p r a y i n g o f t h e h e r b i -
c i d e s MCPB o r 2.4DB a t 0.75 kg a.i . / h a f o u r
weeks a f t e r sowing has been e f f e c t i v e a t
H i s s a r (Moolani and Chandra 1970).
Response to Chemicals
Including Growth Regulators
Attempts have been made to improve t h e
performance o f chickpeas under r a i n f e d c o n d i -
t i o n s b y seed s o a k i n g i n d i f f e r e n t c h e m i c a l s ,
more or l e s s on an e m p i r i c a l b a s i s . S t u d i e s
a t New D e l h i (Ahlawat e t a l . 1973) r e v e a l e d
t h a t H-355 chickpea showed about 20% i n c r e a s e
i n y i e l d when t h e seeds were soaked i n 0.2
per cent s u c c i n i c a c i d s o l u t i o n . However,
i n subsequent s t u d i e s ( S a r a f e t a l . 1974) n o
such response was observed w i t h t h e same
v a r i e t y . I n a n e x p l o r a t o r y s t u d y a t Ludhiana,
t h e e f f e c t o f soaking o f seeds f o r f i v e t o
s i x hours i n aqueous s o l u t i o n s o f potassium
d i h y d r o g e n phosphate, copper s u l p h a t e , p o t a s -
sium c h l o r i d e , z i n c s u l p h a t e , ammonium
molybdate, manganese s u l p h a t e , b o r i c a c i d ,
s u c c i n i c a c i d , a s c o r b i c a c i d and Regim-8, was
s t u d i e d . Soaking seeds in 0.5 per c e n t
s o l u t i o n o f potassium d i h y d r o g e n phosphate o r
0.05 per c e n t copper s u l p h a t e s o l u t i o n i n -
creased t h e y i e l d b y about 4 1 % i n these
s t u d i e s (Kaul e t a l . 1974).
Response o f chickpeas t o f o l i a r spray o f
cycocel (2 c h l o r o e t h y l t r i m e t h y l ammonium
c h l o r i d e ) a t f l o w e r i n i t i a t i o n was s t u d i e d a t
New D e l h i (Ahlawat e t a l . 1973; S a r a f e t a l .
1974) and Ludhiana (Kaul and Sekhon 1974c)
u s i n g H-355 and G-130 v a r i e t i e s . The r e -
sponses at New D e l h i were i n c o n s i s t e n t , where-
as at Ludhiana, 0.2 per c e n t cycocel spray
i n c r e a s e d e f f e c t i v e pod number. F o l i a r spray
o f 2 5 ppm a s c o r b i c a c i d a t f l o w e r i n i t i a t i o n
was a l s o found e f f e c t i v e a t Ludhiana i n i n -
c r e a s i n g t h e p r o p o r t i o n o f e f f e c t i v e pods.
Response o f d i f f e r e n t chickpea v a r i e t i e s
t o f o l i a r spray o f 2 , 4 , 5 - t r i i o d o b e n z o i c a c i d
(TIBA) was s t u d i e d a t d i f f e r e n t c e n t e r s i n t h e
A l l I n d i a C o o r d i n a t e d Pulses Improvement
P r o j e c t , w i t h and w i t h o u t spray o f 2 % urea
s o l u t i o n a t pod f i l l i n g stage ( T a b l e 15).
Responses a t Ludhiana and H i s s a r were s i g n i f -
i c a n t . TIBA as w e l l as urea spray i n c r e a s e d
y i e l d . Growth r e g u l a t o r y e f f e c t s i n c l u d i n g
temporary opening of t h e crop canopy were
observed a t Pantnagar, even a t t h e l o w e s t
c o n c e n t r a t i o n ( 5 ppm TIBA), b u t t h e y i e l d
remained u n a f f e c t e d . F u r t h e r s t u d i e s a t
Ludhiana ( T a b l e 16) r e v e a l e d t h a t t h e response
t o TIBA was dependent on t h e s t a t u s o f s o i l
m o i s t u r e s u p p l y i n r e l a t i o n t o t h e stage o f
crop g r o w t h . Regim-8 (0.05%) spray a t f l o w e r
i n i t i a t i o n i n c r e a s e d y i e l d s i g n i f i c a n t l y o n l y
when accompanied w i t h i r r i g a t i o n a f t e r f l o w -
e r i n g s t a g e . Thus, c o n s i d e r a b l e v a r i a t i o n i n
t h e response o f chickpeas t o t h e growth
r e g u l a t o r s such as TIBA m i g h t occur depending




Table 15. Response of Chickpeas to Spray of TI3A at Flower Initiation and 2% Urea Solution at Pod Filling
Stage, at Different Centers of the All India Coordinated Research Project on Pulse Improvement









V a r i e t i e s
























































































A n n i g e r l
Table 16. Effect of Stage and Number of Irrigation and TIBA Application on the Grain Yield of G-130 Chickpeas
at Ludhiana During 1973-74 (Kaul & Sekhon, 1974)
I r r i g a t i o n t r e a t m e n t
No i r r i g a t i o n
I r r i g a t i o n 20 DAP
I r r i g a t i o n 30 DAP
I r r i g a t i o n 40 DAP
I r r i g a t i o n 55 DAP
I r r i g a t i o n 65 DAP
I r r i g a t i o n 65 DAP + B e f o r e f l o w e r i n g (BF)
I r r i g a t i o n a t f l o w e r i n i t i a t i o n ( I F )
I r r i g a t i o n at BF + IF
I r r i g a t i o n 65 DAP + Pod f i l l i n g s tage
CD 5% 
Gra in y i e l d ( k g / h a )




































P l a n t
m o r t a l i t y
(X)












The g r a i n y i e l d performance o f chickpeas
is h i g h l y dependent upon the balance between
v e g e t a t i v e and r e p r o d u c t i v e growth. Excessive
v e g e t a t i v e g r o w t h , which m i g h t o c c u r owing t o
v e r y h i g h s o i l f e r t i l i t y and m o i s t u r e s u p p l y
( e . g . , i n t h e humid s u b t r o p i c a l c o n d i t i o n s o f
n o r t h I n d i a n f o o t h i l l s ) o r due t o p l a n t i n g a t
a d a t e much e a r l i e r than t h e optimum, u s u a l l y
r e s u l t s i n poor r e p r o d u c t i v e growth and thus
t h e economic y i e l d i s reduced.
Proper n i p p i n g o f young shoots d u r i n g t h e
v e g e t a t i v e phase reduces t h e e x c e s s i v e g r o w t h ,
encourages b r a n c h i n g and pod s e t , and, conse-
q u e n t l y , y i e l d . N i p p i n g a l s o h e l p s i n r e g u l a -
t i n g , t o some e x t e n t , t h e o n s e t o f f l o w e r i n g
which i s u s u a l l y delayed b y t h e p r a c t i c e .
N i p p i n g c o u l d f o r m a n i m p o r t a n t agronomic t o o l
i n p r e v e n t i n g t h e peak phase o f f l o w e r i n g f r o m
c o i n c i d i n g w i t h t h e d e v a s t a t i n g f r o s t y p e r i o d .
The y i e l d o f chickpeas was n o t a f f e c t e d
b y n i p p i n g at an i n t e r v a l of 10, 20 or 30 days
u p t o 9 0 days a f t e r p l a n t i n g i n H i s s a r ( S i n g h
1973). There i s , however, n o a p r i o r i reason
f o r e x p e c t i n g a u n i v e r s a l advantage f r o m
n i p p i n g , a s t h e response i s h i g h l y dependent
o n t h e p l a n t growth and t h e p r e v a i l i n g
a t m o s p h e r i c c o n d i t i o n s .
Mixed Cropping
Chickpea i s a p o p u l a r c h o i c e w i t h f a r m e r s
f o r mixed c r o p p i n g w i t h c e r e a l s and o i l s e e d s
i n r a i n f e d a g r i c u l t u r e ( A r g i k a r 1970; Bains
1968). Common m i x t u r e s a r e ( i ) chickpeas w i t h
wheat, ( i i ) c h i c k p e a s w i t h b a r l e y , ( i i i ) c h i c k -
peas w i t h r a b i ( w i n t e r ) g r a i n sorghum, ( i v )
c h i c k p e a s w i t h t o r i a , s a r s o n , mustards e t c . ,
and ( v ) c h i c k p e a s w i t h l i n s e e d o r s a f f l o w e r .
I n t h e m i x t u r e , t h e c h i c k p e a seldom g i v e s a s
l a r g e a y i e l d as when grown al o n e ( T a b l e s 17
and 1 8 ) . However, t h e r e i s scope f o r d e v e l -
o p i n g p l a n t i n g p a t t e r n s and agronomy in such a 
way t h a t t h e c o m p e t i t i o n f r o m t h e mixed crop
w i t h c h i c k p e a m i g h t b e reduced. P l a n t i n g
c h i c k p e a s and B r a s s i c a c o m p e s t r i s v a r . t o r i a
i n a l t e r n a t e rows r e s u l t e d i n b e t t e r y i e l d s o f
c h i c k p e a s t h a n were o b t a i n e d when t h e two were




Most of t h e agronomic r e s e a r c h work done
o n pigeonpeas i n d i f f e r e n t p a r t s o f I n d i a
u n t i l t h e e a r l y s i x t i e s was w i t h l o n g d u r a -
t i o n v a r i e t i e s which remained i n t h e f i e l d
f o r e i g h t t o t e n months and were m o s t l y r a i n -
f e d . The work i n t h e A l l I n d i a C o o r d i n a t e d
Research P r o j e c t on Pulse Improvement, however,
has been r e s t r i c t e d m a i n l y to e a r l y and medium
d u r a t i o n v a r i e t i e s , which f i t i n w e l l i n t h e
double c r o p p i n g system, and are u s u a l l y
e s t a b l i s h e d w i t h p r e p l a n t i n g i r r i g a t i o n .
Soil and Seedbed Requirements
A l t h o u g h a d a p t a b l e to a wide range of
s o i l t y p e s , pigeonpeas grow best o n w e l l
d r a i n e d , deep loam s o i l s f r e e f r o m e x c e s s i v e
s o l u b l e s a l t s and near n e u t r a l i n p H (Pathak
1970). S u b s o i l i n g o n l a n d s having hardpan i n
t h e r o o t zone proves advantageous (Bains and
Chowdury 1971). S u b s o i l i n g p e r m i t s b o t h
deeper p r o l i f e r a t i o n o f r o o t s and g r e a t e r
i n f i l t r a t i o n o f w a t e r t o t h e deeper l a y e r s o f
t h e s o i l .
The p l a n t has to depend a g r e a t deal on
t h i s conserved m o i s t u r e a s a major p a r t o f i t s
r e p r o d u c t i v e growth i s completed d u r i n g t h e
post-monsoon p e r i o d . The seedbed s h o u l d have
a m o i s t u r e c o n t e n t of about 40% to 50% of t h e
a v a i l a b l e w a t e r t o ensure q u i c k and adequate
g e r m i n a t i o n . Higher o r lower m o i s t u r e c o n t e n t
r e s u l t e d i n p o o r e r g e r m i n a t i o n i n t h e p o t
c u l t u r e s t u d i e s conducted a t Pantnagar. Ad-
equate p r o v i s i o n f o r s u r f a c e d r a i n a g e i s a n
i m p o r t a n t c o n s i d e r a t i o n i n t h e seedbed
p r e p a r a t i o n o f pigeonpeas.
Planting Variables
Date of Planting
For e a r l y ( T - 2 1 ) and medium d u r a t i o n
v a r i e t i e s (BR-183 , K h a r g a o n - 2 , R6 -72 , Sharda
and Mukta) o f p igeonpeas p l a n t i n g i n t h e f i r s t
f o r t n i g h t o f J u n e , b e f o r e t h e o n s e t o f monsoon
has p roved to be b e s t ( T a b l e s 19 , 20 and 2 1 ) .
D e l a y i n g t h e p l a n t i n g beyond t h e end o f June
r e s u l t e d i n a d r a s t i c r e d u c t i o n i n y i e l d . This
t r e n d has been o b s e r v e d i n m u l t i y e a r t r i a l s
n o t o n l y a t P a n t n a g a r , b u t a l s o i n a t w o - y e a r
s t u d y c a r r i e d o u t a t f i v e o t h e r l o c a t i o n s i n
U t t a r Pradesh v i z . , Kanpur , Deegh, E tawah ,
Meeru t and Raya (Panwar and M i s r a 1 9 7 3 ) , and
in a t h r e e y e a r s t u d y i n West Bengal
(Chowdhury 1 9 6 9 ) .
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Table 17. Grain Yield and Economics of Mixed Cropping of Chickpea and Brassica Compestris Var. Toria at
Pantnagar (1973-74)
Trea tmen ts
Pure s t a n d of ch i ckpea (C 235)
Chickpea + B r a s s i c a ( B r o a d c a s t )
Ch ickpea + B r a s s i c a ( a l t e r n a t e rows)
Chickpea seeded i n t h e s t a n d i n g c r o p
o f B r a s s i c a ( a l t e r n a t e rows)
Chickpea + B r a s s i c a ( P a i r e d rows)
Pure s t a n d o f B r a s s i c a (Type 9 )
SEm + 
CD 5% 




























T r i a l s conduc ted a t New D e l h i d u r i n g 1972
and 1973, and a t Ra jendranagar (Hyderabad)
w i t h T - 2 1 , Pusa A g e t i and Sharda v a r i e t i e s
under t h e A l l I n d i a C o o r d i n a t e d Pu lse Improve -
ment P r o j e c t , r e s u l t e d i n s i m i l a r responses t o
da tes o f p l a n t i n g . W i t h t h e d e l a y i n p l a n t i n g ,
c o n s i d e r a b l e r e d u c t i o n o c c u r r e d i n t h e d u r a -
t i o n o f t h e c rop ( T a b l e s 1 9 and 2 1 ) , p l a n t
h e i g h t and pod number (S ingh e t a l . 1971 ) . I n
t h e case o f v e r y e a r l y m a t u r i n g v a r i e t i e s o f
p igeonpea ( d u r a t i o n 120-130 days such as
UPAS-120, P r a b h a t , Pant A-2 and Pant A - 3 ,
p l a n t i n g w i t h t h e o n s e t o f monsoon was opt imum
because w i t h e a r l i e r p l a n t i n g t h e r e p r o d u c t i v e
g row th o c c u r r e d d u r i n g t h e p e r i o d o f heavy
r a i n f a l l c a u s i n g g r e a t f l o w e r and pod d r o p .
Planting Space
For l o n g d u r a t i o n v a r i e t i e s , grown as a 
pu re c r o p , a row s p a c i n g of 120 cm w i t h p l a n t
to p l a n t d i s t a n c e o f 60 cm has been found to
be t h e b e s t (Pa thak 1970) . For t h e s h o r t and
medium d u r a t i o n v a r i e t i e s , a n i n t e r r o w s p a c i n g
of 50 to 75 cm and an i n t r a r o w spac ing of 20
to 30 cm have p roved i d e a l (S ingh e t a l . 1 9 7 1 ;
USDA 1 9 6 8 ) . A p o p u l a t i o n of 50 ,000 to 60 ,000
p l a n t s p e r h e c t a r e p roved s i g n i f i c a n t l y b e t t e r
than a p o p u l a t i o n o f 40 ,000 p l a n t s per ha
(Ba ins and Chowdhury 1 9 7 1 ; USDA 1968 ) . For
e x t r a e a r l y v a r i e t i e s a s w e l l a s f o r t hose
h a v i n g compact g row th h a b i t , n a r r o w e r row
spac ings of 30 to 45 cm w i t h a p o p u l a t i o n of
100,000 p l a n t s per ha produced t h e b e s t
r e s u l t s a t d i f f e r e n t c e n t e r s i n t h e A l l Tndia
C o o r d i n a t e d Pu lse Improvement P r o j e c t . Re-
sponse to p l a n t i n g geometry i n R-60 (Mek ta )
v a r i e t y o f p igeonpea was s i g n i f i c a n t a t
Pan tnaga r , where a 1:1 p l a n t i n g geomet ry
r e s u l t e d i n s i g n i f i c a n t l y h i g h e r y i e l d t han
t h e r e c t a n g u l a r geomet r i es (Tab le 2 2 ) .
Soil Drainage
Temporary w a t e r l o g g i n g occu rs commonly i n
p igeonpea f i e l d s . When t h e i n t e r n a l d r a i n a g e
o f t h e s o i l i s p o o r , t h i s w a t e r l o g g i n g can
cause s e r i o u s y i e l d r e d u c t i o n . T h i s s i t u a t i o n
can be a m e l i o r a t e d by p l a n t i n g p igeonpeas on
r i d g e s . In a two y e a r s tudy a t New D e l h i ,
r i d g e p l a n t i n g r e s u l t e d in a 30% i n c r e a s e in
y i e l d ove r f l a t b e d p l a n t i n g (Ba ins and
Chowdury 1971) . Such an a d v a n t a g e , however ,
c o u l d n o t be o b t a i n e d under Pantnagar c o n d i -
t i o n s , where t h e i n t e r n a l d r a i n a g e o f t h e
s o i l was r e l a t i v e l y b e t t e r t han t h a t o f New
D e l h i s o i l s ( T a b l e 2 3 ) .
Fertilizer Needs and Inoculation
A crop of pigeonpea v a r . Pusa A g e t i




Table 21. Effect of Date of Planting on the Grain
Yield (kg/ha)and Maturity of 4 Pigeonpea
Varieties in 1970 at Pantnagar
Date o f





9 J u l y
19 J u l y
Mean
































































SEm + 95 140
CD a t 5% 281 313
CV (X) 6 .42
Days f o r m a t u r i t y a r e g i v e n i n p a r e n t h e s i s
Table 22. Effect of Planting Geometry on the
Grain Yield of Pigeonpea (R-60) in 1970
at Pantnagar
P l a n t i n g geomet ry
45 cm x 45 cm
55 cm x 37 cm
65 cm x 37 cm
75 cm x 26 cm
85 cm x 23 cm
95 cm x 20 cm








CO a t 5% 600
CV {%) 2 3 . 0 2
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Table 23. Effect of Method of Planting on the Grain
Yield of T-21
Pantnagar
Method o f p l a n t i n g
F l a t p l a n t i n g
F l a t p l a n t i n g f o l l o w e d
by r i d g i n g
Ridge p l a n t i n g ( s i n g l e
row)
Ridge p l a n t i n g ( d o u b l e
row)
SEm + 
CD a t 5%
CV (%)
Pigeonpea in 1969 at








6 0 q u i n t a l s o f s t i c k s (S) has been r e p o r t e d t o
remove abou t 132 kg N (79 kg G + 53 kg S ) ,
2 5 . 3 kg P 2 0 5 ( 1 3 . 4 kg G + 11 .9 kg S) and
6 4 . 2 kg K20 ( 3 1 . 5 kg G + 32 .7 kg S) pe r
h e c t a r e (Rao 1974 ) .
Response to Organic Fertilizer
The a p p l i c a t i o n o f b u l k y o r g a n i c s t o
p igeonpea c r o p on sandy loam s o i l has r e s u l t e d
1 n consp i cuous i n c r e a s e s i n y i e l d . A t Pusa,
i n B i h a r , a p p l i c a t i o n o f 4 0 and 8 0 q u i n t a l s o f
f a r m y a r d manure (FYM) pe r h e c t a r e i n c r e a s e d
y i e l d by 114% and 141% o v e r t h e c o n t r o l .
There was an 82% i n c r e a s e f r o m a p p l i c a t i o n o f
rape cake (@ 40 kg N/ha) and 7% i n c r e a s e w i t h
green manure (Pa thak 1970 ) . Deep p lacement o f
FYM ( a t 20 cm d e p t h ) has been f ound to In-
c rease t h e y i e l d s o f T -21 p igeonpea by 50% to
140% o v e r t h e c o n t r o l a t New D e l h i (B a ins and
Chowdhury 1 9 7 1 ) .
Inorganic Nitrogen
Responses o f p igeonpea t o i n o r g a n i c
n i t r o g e n have been g e n e r a l l y n e g l i g i b l e o r
n e g a t i v e (Pa thak 1970 ; S i ngh and Rathi 1972 ;
USDA 1968; Panwar and M i s r a 1 9 7 3 ) . A t t e m p t s
t o s u b s t i t u t e s y m b i o t i c n i t r o g e n f i x a t i o n b y
a p p l y i n g h i g h doses o f combined n i t r o g e n d i d
n o t g i v e p o s i t i v e r e s u l t s (USDA 1968 , Tab le
2 4 ) .
Phosphate Response
Responses t o phospha te a p p l i c a t i o n have
Table 24. Effect of Fertility Levels on the Grain
Yield of T-21 Pigeonpea at Pantnagar
Trea tmen t
N and i n o c u l a t i o n
C o n t r o l
I n o c u l a t i o n
I n o c u l a t i o n




CD a t 5% 
P l e v e l s : 
C o n t r o l
50 kg P 2 O 5 /ha
100 kg PoOc/ha
150 kg P 2 O 5 /ha
SEm + 












































been g e n e r a l l y p o s i t i v e and in some cases
h i g h l y s i g n i f i c a n t . A t New D e l h i , about 95%
and 120% i n c r e a s e s i n y i e l d were o b t a i n e d w i t h
a p p l i c a t i o n o f 6 6 . 7 and 100 kg P2O5 per h a ,
r e s p e c t i v e l y (B a ins and Chowdury 1971) . P l ace -
ment was b e t t e r t han b r o a d c a s t a p p l i c a t i o n .
I n c r e a s i n g r a t e s o f phosphorus a p p l i c a t i o n i n -
c reased t h e m o i s t u r e e x t r a c t i o n f r o m t h e deep-
e r l a y e r s b y p igeonpeas under r a i n f e d c o n d i -
t i o n o f New D e l h i ( S i n g h 1972) . Response to
p o t a s s i u m a p p l i c a t i o n has been n e g l i g i b l e
(Panwar and M i s r a 1973 ; Pathak 1970; USDA
1968 ) .
Zinc Response
Pigeonpea p l a n t s show a h i g h degree of
s u s c e p t i b i l i t y t o z i n c d e f i c i e n c y w i t h l i t t l e
d i f f e r e n c e s among t h e e x i s t i n g v a r i e t i e s
(Saxena and S ingh 1 9 7 0 ) . S o i l a p p l i c a t i o n o f
2 to 4 ppm z i n c o r f o l i a r sp ray o f 0.5% z i n c
s u l p h a t e w i t h 0 .25 pe r c e n t l i m e have p roved
e f f e c t i v e i n c o n t r o l l i n g t h e d e f i c i e n c y o f
z i n c .
Inoculation Response
Responses to i n o c u l a t i o n have been
g e n e r a l l y i n c o n s i s t e n t (Panwar and M is ra 1973 ;
USDA 1968) . Smal l y i e l d i nc reases due to
i n o c u l a t i o n have been g e n e r a l l y observed
(Tab les 2 4 and 2 5 ) . V a r i a t i o n s i n t h e e f f i -
c i e n c y o f R h i z o b i a l s t r a i n s have been o b s e r v e d
( T a b l e 2 5 ) . There a r e i n d i c a t i o n s t h a t
p e l l e t i n g o f i n o c u l a t e d seed w i t h c h a r c o a l ,
l i m e o r t a l c m i g h t improve t h e per fo rmance o f
i n o c u l a n t ( T a b l e 2 6 ) .
Water Requirement
and Management
A t r a n s p i r a t i o n v a l u e o f 1100 f o r u n -
manured and 600 f o r manured p igeonpeas has
been r e p o r t e d by L e a t h e r ( 1 9 1 0 ) . About 22 cm
was t h e a b s o l u t e w a t e r r e q u i r e m e n t o f t h e c r o p
y i e l d i n g abou t 910 k g g r a i n per ha. I t i s n o t
s u r p r i s i n g t h a t t h e c r o p , n o t w i t h s t a n d i n g i t s
h i g h d r o u g h t t o l e r a n c e , responds w e l l t o
i r r i g a t i o n d u r i n g d r y seasons. Rabi season
c rops o f p igeonpea have responded w e l l t o
i r r i g a t i o n a t Hyderabad (Venka teswar l u 1967)
and a t Bhavan isagar i n Tami l Nadu.
Chandermohan (1970) r e p o r t e d 57% and 45%
i n c r e a s e s i n y i e l d o f February p l a n t e d , Co-1
p igeonpea , when i r r i g a t i o n was g i v e n at 60%
and 80% d e p l e t i o n o f a v a i l a b l e m o i s t u r e ( i . e . ,
a maximum of 2 .5 a tm . t e n s i o n measured up to
30 cm d e p t h ) compared to i r r i g a t i o n at 100%
d e p l e t i o n o f a v a i l a b l e m o i s t u r e . However, i n
t h e whole o f n o r t h and c e n t r a l I n d i a , p i g e o n -
pea i s r a i n f e d and t h e r a i n s r e c e i v e d d u r i n g
J u l y , August and sometimes in September a r e
s u f f i c i e n t t o a l l o w t h e c rop t o comp le te i t s
l i f e c y c l e w i t h o u t w a t e r s t r e s s . The m o i s t u r e
s t o r e d i n t h e s o i l p r o f i l e d u r i n g t h i s p e r i o d
i s used by t h e c r o p i n t h e post-monsoon
p e r i o d .
An e x p e r i m e n t was conducted in 1970 to
s t u d y p o s s i b l e advantages f rom post -monsoon
i r r i g a t i o n o n deep s i l t y loam s o i l s o f
Pantnagar ( T a b l e 2 7 ) . No p o s i t i v e response
was o b t a i n e d . I n f a c t , d ra i nage o f t e n i s more
o f a p rob lem than t h e sho r t age o f w a t e r ,
p a r t i c u l a r l y i n n o r t h I n d i a . Ridge p l a n t i n g
has p roved advantageous as i t ensured q u i c k
d i s p o s a l o f r a i n w a t e r a l l o w i n g n o s t a g n a t i o n
(Ba ins and Chowdhury 1971) .
Weed Control
Pigeonpea i s ve r y s e n s i t i v e t o weed
c o m p e t i t i o n i n t h e f i r s t 6 0 days o f g r o w t h .
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Table 25. Effect of Inoculation
I n o c u l a t i o n t r e a t m e n t
C o n t r o l
I n o c u l a t i o n w i t h I A R I - 4
I n o c u l a t i o n w i t h I A R I - 2
on the Grain Yield and Nodulation of Pigeonpea Varieties at Pantnagar In 1971
N o d u l e s / p l a n t








G r a i n y i e l d ( k g / h a )













CD a t 5% 141
Table 26. Grain Yield of Pigeonpea Under Different Inoculation and Pelleting Treatments
T r e a t m e n t
C o n t r o l
I n o c u l a t i o n - I A R I c u l t u r e
Inocu la t ion -GBPUAT c u l t u r e
I n o c u l a t i o n IARI + T a l c p e l l e t i n g
I n o c u l a t i o n GBPUAT + T a l c p e l l e t i n g
I n o c u l a t i o n IARI + Charcoa l p e l l e t i n g
I n o c u l a t i o n GBPUAT + Charcoa l p e l l e t i n g
I n o c u l a t i o n IARI + Lime p e l l e t i n g
I n o c u l a t i o n GBPUAT + Lime p e l l e t i n g
P e l l e t i n g w i t h T a l c w i t h o u t c u l t u r e
P e l l e t i n g w i t h Charcoa l w i t h o u t c u l t u r e
P e l l e t i n g w i t h l i m e w i t h o u t c u l t u r e






































CD a t 5% 428 NS
CV {%) 17 .42 17 .99
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Table 27. Grain Yield of Pigeonpea T-21 as influenced by Late Irrigation Treatments in 1970 at Pantnagar
I r r i g a t i o n








T i m e o f i r r i g a t i o n

























i r r i g a -








G r a i n
y i e l d









CD a t 5% NS
CV (X) 26 .77
When p r o t e c t e d i n t h i s p e r i o d , t h e crop makes
r a p i d growth and weeds d o n o t a f f e c t i t s
growth t h e r e a f t e r . Cyperus r o t u n d u s ,
Echinocloa colonum, Dactyoctenum aegympticum,
E l e u s i n e i n d i c a , S e t a r i a g l a u c a , Phragmites
karka and Cyperus i r i a a r e common grassy weed
s p e c i e s . The broad-leaved weeds i n c l u d e
Amaranthus v i r i d i s , A. s p i n o s u s , Commelina
b e n g h a l e n s i s , C e l o s i a a r g e n t i a , Phylanthus
n i r u r i , Digera a r v e n s i s and P o r t u l a c a
q u a d r i f i d a . Depending upon t h e i n f e s t a t i o n ,
t h e g r a i n y i e l d l o s s e s i n pigeonpea have been
v a r i a b l e (Tables 28, 29 and 3 0 ) , in some cases
amounting to 90% and above.
o f a l a c h l o r , however , i s dependent upon t h e
m o i s t u r e c o n t e n t o f t h e s u r f a c e a n d , t h e r e f o r e ,
adequate c a r e i s e s s e n t i a l f o r g e t t i n g
e f f e c t i v e weed c o n t r o l . Excess ive r a i n s imme-
d i a t e l y a f t e r p l a n t i n g and w e e d i c i d e a p p l i c a -
t i o n can a l s o make t h e weed c o n t r o l i n e f f e c -
t i v e , as has been t h e case a t Pantnagar d u r i n g
1972 and 1973 seasons (Tab le 2 9 ) . More
e f f e c t i v e h e r b i c i d e s , w i t h g r e a t e r s e l e c t i v i t y ,
have t o b e i d e n t i f i e d .
Effect of Growth Regulators
Control
Mechanical weeding at 20 and 45 days
a f t e r p l a n t i n g has been as e f f e c t i v e as
complete weed f r e e c o n d i t i o n (Tables 28 and
2 9 ) . Out o f v a r i o u s h e r b i c i d e s t r i e d ,
n i t r o f e n at t h e r a t e of 1 kg a . i . per ha as a 
preemergence a p p l i c a t i o n has proved to be
q u i t e e f f e c t i v e a t d i f f e r e n t c e n t e r s i n t h e
A l l I n d i a C o o r d i n a t e d Pulse Improvement
P r o j e c t . Work at Pantnagar (Table 28) and
Coimbatore (Sankaram and Damodaran 1974) has
shown t h e s u p e r i o r i t y o f n i t r o f e n t o o t h e r
c h e m i c a l s . The e f f i c a c y o f t h i s chemical and
Use o f TIBA @ 150 ppm as a f o l i a r spray
a t f l o w e r i n i t i a t i o n has proved e f f e c t i v e i n
pushing up t h e y i e l d by a small margin at
Pantnagar. However, t h e response has been
d i f f e r e n t i n two seasons (Table 30). S t u d i e s
o n the e f f e c t o f d i f f e r e n t growth r e g u l a t o r s
on f l o w e r drop have been i n c o n c l u s i v e , and
f u r t h e r i n v e s t i g a t i o n i s r e q u i r e d .
Intercropping and
Mixed Cropping
The p r a c t i c e o f mixed c r o p p i n g o r i n t e r -
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Table 28. Effect of Various Weed Control Treatments on the Grain Yield (q/ha) of Pigeonpea (cv. T-21) and the
Dry Weight of Weeds Per Hectare at Harvest
H e r b i c i d e
t r e a t m e n t s
T r e f l a n
( p r e - p l a n t i n g )
Lasso (CP 50144)
(p re -emergence )
Promet ryne
(p re -emergence )
Ami ben
(p re -emergence )
L i n u r o n
(p re -emergence )
TOK E-25
(p re -emergence )
Weed f r e e c o n d i t i o n
Weedy c o n d i t i o n
CD a t 5% 
Rate o f
a p p l i c a t i o n





















G r a i n y i e l d ( q / h a )
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2 4 . 9 6
7.16
. 1 0 . 3 1
Dry w t . o f weeds ( q / h a )




































Table 30. Effect of TIBA Application on
Grain Yield of Pigeonpea cv
Pantnagar












SEm + 43 36
CD a t 5% 125 NS




c r o p p i n g has been p r e v a l e n t i n I n d i a t o a v e r y
w i d e e x t e n t . G r a i n sorghum, p e a r l m i l l e t ,
f i n g e r m i l l e t ( r a g i ) , c o r n , u r d b e a n , mung
b e a n , cowpea, g r o u n d n u t , sesamum and c o t t o n
a r e t h e common c rops used f o r i n t e r - o r mixed
c r o p p i n g . M i x t u r e s w i t h g r a i n o r f o r a g e
sorghum, p e a r l m i l l e t , u r d bean and cowpea
have been most common ( B a i n s 1 9 6 8 ) . M i x t u r e s
w i t h c e r e a l s a r e q u i t e c o m p a t i b l e f r o m t h e
p o i n t o f v i ew o f n u t r i e n t and m o i s t u r e u t i l i -
z a t i o n because o f d i f f e r e n c e s i n t h e r o o t
systems o f t h e component c r o p s .
The p r a c t i c e o f mixed c r o p p i n g has been
common w i t h l o n g d u r a t i o n v a r i e t i e s o f p i g e o n -
pea under r a i n f e d c o n d i t i o n s . A l t h o u g h some
s t u d i e s have shown t h e y i e l d s o f p igeonpea
were reduced by mixed c r o p p i n g in compar i son
t o pu re c r o p p i n g , t h e o v e r a l l c o m b i n a t i o n s
were e c o n o m i c a l l y advantageous (Pa thak 1970 ) .
P o s s i b i l i t y o f p a r a l l e l c r o p p i n g i n s h o r t
d u r a t i o n p igeonpea v a r i e t i e s has a l s o been
d e m o n s t r a t e d (B a ins and Chowdhury 1 9 7 1 ; Saxena
and Yadav 1 9 7 1 , 1973) . These r e s u l t s have
d e m o n s t r a t e d t h a t s h o r t d u r a t i o n v a r i e t i e s o f
u r d b e a n , mung bean , cowpea, soybean , and
d w a r f maize can be s u c c e s s f u l l y grown as
p a r a l l e l c rops i n normal s t a n d o f T - 2 1 o r Pusa
A g e t i p igeonpea v a r i e t i e s , w i t h o u t a d v e r s e l y
a f f e c t i n g p igeonpea y i e l d s . The p r a c t i c e
r e s u l t e d i n b e t t e r u t i l i z a t i o n o f a v a i l a b l e
r e s o u r c e s and h i g h e r n e t economic r e t u r n s .
I n t e r c r o p p i n g w i t h sorghum, t a l l maize
and p e a r l m i l l e t has g e n e r a l l y r e s u l t e d i n
r e d u c t i o n i n t h e y i e l d o f p i g e o n p e a . T h i s was
v e r y c l e a r l y demons t ra ted a t v a r i o u s c e n t e r s
under t h e A l l I n d i a C o o r d i n a t e d Pu lse I m p r o v e -
ment P r o j e c t ( T a b l e 3 1 ) . P l a n t i n g o f two rows
o f p a r a l l e l c rops between two n o r m a l l y spaced
(75 cm) rows o f p igeonpea has n o t g i v e n any
a d d i t i o n a l advantage o v e r t h e s i n g l e row o f
t h e p a r a l l e l c r o p . P a i r e d row p l a n t i n g a l s o
gave no advan tage o v e r normal p l a n t i n g ( T a b l e
3 2 ) .
DIRECTIONS OF
FUTURE RESEARCH
The p r o d u c t i v i t y o f c h i c k p e a s and p i g e o n -
peas has to be i n c r e a s e d n o t o n l y by i m p r o v i n g
t h e i r g e n e t i c p o t e n t i a l i t y f o r p h o t o s y n t h e s i s
and economic s i n k b u t a l s o by p r o v i d i n g a 
s u i t a b l e e n v i r o n m e n t f o r e x p r e s s i n g t h i s
p o t e n t i a l i t y . The r o l e o f agronomic r e s e a r c h
s h o u l d b e i d e n t i f y i n g op t ima i n t h e c o n t r o l -
l a b l e e n v i r o n m e n t and d e v e l o p i n g c u l t u r a l
p r a c t i c e s t o s u i t t h e needs o f t h e newer p l a n t
t y p e s f o r d i f f e r i n g e n v i r o n m e n t a l c o n d i t i o n s .
Some o f t h e m a j o r a reas t h a t need immed ia te
a t t e n t i o n a r e :
( a ) To s t u d y response o f newer geno types
t o p l a n t i n g me thods , p l a n t i n g geom-
e t r y , p o p u l a t i o n p r e s s u r e and p l a n t -
i n g d a t e s ; r e q u i r e m e n t s o f p h o t o - and
t h e r m o n e u t r a l genotypes t o t h e s e
v a r i a b l e s .
( b ) To d e v e l o p p l a n t i n g p a t t e r n s and
d e t e r m i n e n u t r i e n t r e q u i r e m e n t s o f
p a r a l l e l c r o p p i n g , mixed c r o p p i n g and
i n t e r c r o p p i n g w i t h t hese g r a i n l e g -
umes.
( c ) To q u a n t i f y t h e p a t t e r n and magn i tude
o f up take and d e t e r m i n a t i o n o f c r i t -
i c a l c o n c e n t r a t i o n s i n i n d i c a t o r
t i s s u e s and s o i l f o r d i f f e r e n t macro -
and m i c r o n u t r i e n t s . To s t a n d a r d i z e
t h e s o i l t e s t s f o r common f e r t i l i z e r
n u t r i e n t s .
(d ) To d e v i s e methods f o r a v o i d i n g
i n c o m p a t i b i l i t y between combined
n i t r o g e n and s y m b i o t i c n i t r o g e n
f i x a t i o n i n t h e n i t r o g e n n u t r i t i o n o f
t h e c r o p s . To assess s y m b i o t i c N 
f i x a t i o n under d i f f e r e n t c o n d i t i o n s
and d e v i s e ways t o p r o l o n g i t i n t h e
g rowth p e r i o d o f t h e c r o p .
( e ) T o d e v i s e methods f o r i n c r e a s i n g t h e
r e s p o n s i v e n e s s o f t h e c rops t o
f e r t i l i z e r and i n c r e a s i n g t h e f e r t i l -
i z e r use e f f i c i e n c y .
( f ) T o d e v e l o p methods o f r a i s i n g c rops
under m o d e r a t e l y s a l i n e and a l k a l i n e
s o i l c o n d i t i o n s .
(g ) To c h a r a c t e r i z e t h e n a t u r e and
magn i tude o f weed c o m p e t i t i o n i n
r e l a t i o n t o c r o p age and d e v e l o p
e f f e c t i v e weed c o n t r o l s chedu les
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Table 32. Yield and Economics of Production of Pigeonpea as Affected by Paired Row Planting and Parallel
Cropping Treatments in 1973-74
Trea tmen t
Pure p igeonpea (N)
( T - 2 1 )
Pure p igeonpea ( P r )
P + Mung bean (N)
( T - 1 )
P + Mung bean ( P r )
P + Urd bean (N)
(UPU-1)
P + Urd bean ( P r )
P + Cowpea (N)
(Pusa D o f a s l i )
P + Cowpea ( P r )
P + Soybean (N)
( C l a r k - 6 3 )
P + Soybean ( P r )
P + Maize (N)
(Dwar f e r e c t )
P + Maize ( P r )
SEm + 
CD a t 5%
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N = Normal rows of p igeonpea
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i n c l u d i n g h e r b i c i d e s .
(h ) To q u a n t i f y t h e m o i s t u r e use p a t t e r n
o f d i f f e r e n t genotypes under r a i n f e d
and i r r i g a t e d c o n d i t i o n s and s tudy
t h e e f f e c t o f m o i s t u r e supp l y and
n u t r i e n t s u p p l y on m o i s t u r e use p a t -
t e r n . To d e v i s e methods f o r i n c r e a s -
i n g w a t e r use e f f i c i e n c y and conse r -
v a t i o n o f m o i s t u r e .
( i ) T o s t u d y t h e t i l l a g e needs o f t h e
c rop and d e v i s e methods o f t i l l a g e
f o r r a i n f e d a g r i c u l t u r e under d i f f e r -
e n t s o i l c o n d i t i o n s .
( j ) T o s t u d y f i e l d responses o f t h e c rops
t o g row th r e g u l a t i n g subs tances i n
r e l a t i o n t o v a r i o u s o t h e r agronomic
v a r i a b l e s t o r a i s e f u r t h e r t h e y i e l d









A u c k l a n d :
Saxena:
C o r b i n :
Saxena:
DISCUSSION
Dr. Saxena, would you recommend F 2 - F 3 s e l e c t i o n in r e c t a n g u l a r
p l a n t i n g ?
No, because we had o n l y one v a r i e t y t h a t responded to r e c t a n g u l a r
s p a c i n g .
Why has square spac ing of 30 cm been used? We use 15 cm s p a c i n g s ,
and c o n s i d e r 30 cm s u b o p t i m a l .
We expec t spac ing to vary f rom p lace to p l a c e , bu t in I n d i a n o t h i n g
is ga ined f rom p l a n t i n g c l o s e r than 30 cm. On c o m p a t i b i l i t y o f
f u n g i c i d e s and i n o c u l u m , we have found usab le c o m b i n a t i o n s .
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P. J. Dart, RafiquI Islam and A. Eaglesham1
NUTRIENT REQUIREMENTS Other Nutrients
Nitrogen
N i t r o g e n f i x a t i o n b y r o o t nodules can
s u p p l y most, and sometimes a l l the n i t r o g e n
needed f o r good y i e l d s o f g r a i n legumes.
Nodulated cowpeas c o n t i n u o u s l y s u p p l i e d 25 ppm
N y i e l d e d as much (about 80 g s e e d s / p l a n t ) as
p l a n t s g i v e n up to 240 ppm N c o n t i n u o u s l y
( S u m m e r f i e l d , M i c h i n , Eaglesham and Dart
u n p u b l i s h e d ) . Large amounts of N in the
a v a i l a b l e s o i l pool g e n e r a l l y i n h i b i t f i x a t i o n
o f t e n w i t h o u t i n c r e a s e i n g r a i n y i e l d a l t h o u g h
t o t a l N uptake by the p l a n t may be i n c r e a s e d .
Small a d d i t i o n s o f N f e r t i l i z e r o c c a s i o n a l l y
s t i m u l a t e n i t r o g e n f i x a t i o n and g r a i n y i e l d s .
Inadequate n i t r o g e n f i x a t i o n i s o f t e n
blamed f o r poor y i e l d s , but t h i s can o n l y b e
e s t a b l i s h e d b y comparing y i e l d s o f the f o l l o w -
i n g t r e a t m e n t s :
a) seed p r o p e r l y i n o c u l a t e d w i t h an
e f f e c t i v e Rhizobium s t r a i n
b) seed a l s o i n o c u l a t e d and n i t r o g e n
f e r t i l i z e r g e n e r o u s l y added ( a t l e a s t
150 kg N/ha)
c ) u n i n o c u l a t e d , s u r f a c e s t e r i l i z e d seed.
I f t r e a t m e n t ( a ) y i e l d s more than ( c ) then
i n o c u l a t i o n w i l l b e necessary. I f y i e l d s are
poor, w i t h l i t t l e d i f f e r e n c e between t r e a t -
ments (a) and ( b ) , f a c t o r s o t h e r than poor
n o d u l a t i o n and n i t r o g e n f i x a t i o n are l i m i t i n g
y i e l d s , such a s p e s t s , d i s e a s e s , e n v i r o n m e n t a l
and/or n u t r i t i o n a l f a c t o r s .
D e f i c i e n c i e s i n the s o i l n u t r i e n t s -
phosphorus, s u l p h u r , c a l c i u m , potassium,
molybdenum, z i n c , i r o n , copper and boron--can
be overcome w i t h f e r t i l i z e r a d d i t i o n , o f t e n
w i t h s p e c t a c u l a r r e s u l t s from small a d d i t i o n s
of 1-5 kg/ha f o r t h e t r a c e elements. Most
legume v a r i e t i e s have a h i g h r e q u i r e m e n t f o r
P, and t h e r e is a s p e c i f i c requirement f o r Mo
i n n i t r o g e n f i x a t i o n over and above t h e amount
needed f o r growth on combined n i t r o g e n . In
s o i l s where t h e a v a i l a b l e phosphate i s low,
endomycorrhizal a s s o c i a t i o n s may enhance
legume uptake of phosphorus w i t h consequent
b e t t e r p l a n t growth s t i m u l a t i n g n i t r o g e n
f i x a t i o n (Crush 1973; Mosse 1973).
C o r r e c t i n g f o r excess l e v e l s o f Mn, A l ,
and low pH i s more d i f f i c u l t , p a r t i c u l a r l y i n
t r o p i c a l s o i l s . Liming the s o i l i s o f t e n too
expensive but p e l l e t i n g seed w i t h l i m e may
h e l p ; any phosphorus f e r t i l i z e r s added should
have a h i g h Ca:P r a t i o . Legumes can perhaps
b e bred which are more t o l e r a n t i n t h e i r
n o d u l a t i o n of h i g h l e v e l s of Mn and Al ( e . g . ,
Franco and Dobereiner 1967, 1971; Foy 1974).
RHIZOBIA
Y i e l d s of chickpea and pigeonpea may be
l i m i t e d w i t h r h i z o b i a p r e s e n t i n s o i l s , i f
t h e y a r e s p a r s e l y and unevenly d i s t r i b u t e d , o r
i f t h e s t r a i n s p r e s e n t are p o o r l y e f f e c t i v e i n
f i x i n g n i t r o g e n . High s o i l temperatures can
reduce numbers o f r h i z o b i a , p a r t i c u l a r l y i n
s o i l s low i n o r g a n i c m a t t e r and c l a y ( e . g . ,
M a r s h a l l 1968). L i t t l e i s known about t h e
d i s t r i b u t i o n and numbers o f r h i z o b i a i n
1 Rothamsted Experimental S t a t i o n , Harpenden.. H e r t s , England
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t r o p i c a l s o i l s , p a r t l y because c o u n t i n g
methods a r e t e d i o u s and space consuming, and
r e q u i r e a glasshouse which can be kept near
ambient temperatures in a h o t c l i m a t e .
S o i l s o f t e n c o n t a i n a d i v e r s i t y o f s t r a i n s
a b l e to n o d u l a t e t h e same group of legumes.
When u n i n o c u l a t e d p l a n t s y i e l d s u b s t a n t i a l l y
l e s s t h a n those g i v e n N f e r t i l i z e r , i n e f f e c -
t i v e o r p o o r l y e f f e c t i v e s t r a i n s may have
induced nodule f o r m a t i o n . This may be reme-
d i e d b y i n o c u l a t i o n w i t h e f f e c t i v e s t r a i n s o f
r h i z o b i a , a b l e t o form nodules i n c o m p e t i t i o n
w i t h t h e e x i s t i n g , l e s s e f f e c t i v e p o p u l a t i o n .
L i t t l e i s known about t h e f a c t o r s i n -
v o l v e d i n s t r a i n c o m p e t i t i o n i n nodule forma-
t i o n . Where t h e i n d i g e n o u s s o i l p o p u l a t i o n i s
l a r g e , t h e t e c h n i q u e o f i n o c u l a t i o n must b e
such t h a t s u f f i c i e n t r h i z o b i a are added t o t h e
seed. The e f f e c t i v e s t r a i n can be i n t r o d u c e d
i n t o t h e s o i l by o t h e r means such as w a t e r i n g
i n t o a f u r r o w below t h e seed. The method must
ensure t h a t i t i s t h e e f f e c t i v e inoculum
s t r a i n which causes most nodule f o r m a t i o n . We
d o n o t y e t know p r a c t i c a l ways o f i n t r o d u c i n g
s u p e r i o r s t r a i n s i n the presence o f l a r g e ,
l e s s e f f e c t i v e p o p u l a t i o n s . The s o l u t i o n
c o u l d b e t o f i n d , o r produce, s t r a i n s t h a t are 
s u p e r i o r c o m p e t i t o r s as w e l l as good n i t r o g e n
f i x e r s , coupled w i t h a new method of i n o c u l a -
t i o n .
A good inoculum s t r a i n a l s o needs to be
s t a b l e g e n e t i c a l l y , and t o b e a b l e t o p e r s i s t
i n t h e s o i l a s a saprophyte independent o f t h e
legume, s o t h a t i t can n o d u l a t e subsequent
crops o f the same o r a r e l a t e d legume.
S o i l p o p u l a t i o n s o f r h i z o b i a are a f f e c t e d
by s o i l t y p e and chemical c o m p o s i t i o n . The
c r o p p i n g h i s t o r y can v a r y from f i e l d t o f i e l d .
Thus t h e need to i n o c u l a t e legumes must be
assessed on a l o c a l l e v e l .
Peat i s the p r e f e r r e d c a r r i e r f o r
Rhizobium i n i n o c u l a n t s because i t can c a r r y
l a r g e numbers o f b a c t e r i a , adheres w e l l t o
seeds, and h e l p s m a i n t a i n Rhizobium v i a b i l i t y
on t h e seed b e f o r e g e r m i n a t i o n . 5obd peat
I n o c u l a n t s s h o u l d n o t b e c o s t l y , and t h e i r use
is a cheap Insurance a g a i n s t poor n o d u l a t i o n .
I t 1 s e s s e n t i a l , however, t h a t t h e y c o n t a i n
adequate numbers o f t h e s p e c i f i e d s t r a i n o f
r h i z o b i a , and t o ensure t h i s a n independent
c o n t r o l s e r v i c e i s r e q u i r e d w i t h l e g i s l a t i v e
powers t o p r o h i b i t d i s t r i b u t i o n o f poor
batches o f i n o c u l a n t s .
THE CHICKPEA -
RHIZOBIUM SYM BIOSIS
C i c e r spp. are n o d u l a t e d o n l y b y s p e c i f i c
Rhizobium s t r a i n s which a p p a r e n t l y do n o t
n o d u l a t e any o t h e r legumes ( e . g . , Raju 1936).
On y e a s t m a n n i t o l media, C i c e r r h i z o b i a are
u s u a l l y f a s t growing w i t h much gum p r o d u c t i o n
(Okon e t a l . 1972).
Rhizobium e n t e r s chickpea r o o t s t h r o u g h
r o o t h a i r s v i a I n f e c t i o n t h r e a d f o r m a t i o n
( A r o r a 1956). The nodules formed are i n i t i a l -
l y e l o n g a t e w i t h a t e r m i n a l meristem which may
branch s e v e r a l times t o f o r m a c o r a l l o i d
s t r u c t u r e sometimes up to 3 cm a c r o s s .
Senescence begins f a i r l y e a r l y in l i f e o f the
nodule f o r m i n g a brown or green zone at t h e
base which e n l a r g e s d u r i n g nodule growth.
Chickpeas i n some areas o f I n d i a and
I s r a e l responded s i g n i f i c a n t l y t o i n o c u l a t i o n
(Sen 1966; Okon, Eshel and Henis 1972; Sundara
Rao, Madhava Reddy and Chandrasekhar 1973;
P a t i l and Medhave 1974), whereas i n o t h e r
experiments i n o c u l a t i o n had no e f f e c t though
y i e l d s were low. S o i l a l r e a d y c o n t a i n i n g
adequate members o f e f f e c t i v e r h i z o b i a and
o t h e r f a c t o r s l i m i t i n g t h e symbiosis c o u l d
account f o r t h i s response. Dadarwal and Sen
(1973) suggested t h a t i n o c u l a t i o n can f a i l
because t h e r h i z o b i a o n t h e seed r a p i d l y d i e ,
p o s s i b l y a s a r e s u l t o f t o x i c p r o d u c t s
d i f f u s i n g f r o m t h e seed c o a t .
Low s o i l m o i s t u r e and h i g h s o i l tempera-
t u r e s can r e s t r i c t t h e f o r m a t i o n and f u n c t i o n
of nodules. Sen (1966) suggested t h a t h i g h
s o i l temperatures may l i m i t n i t r o g e n f i x a t i o n
by C i c e r r h i z o b i a , and we have examined t h i s
w i t h a view t o s e l e c t i n g s t r a i n s b e t t e r
adapted t o such c o n d i t i o n s .
Chopra and Subba Rao (1967) suggest t h a t
r a p i d senescence o f chickpea nodules soon a f t e r
f l o w e r i n g w i l l r e s u l t i n low n i t r o g e n f i x a t i o n
d u r i n g pod f i l l . At t h a t t i m e t h e p l a n t
r e q u i r e s r a p i d n i t r o g e n uptake which t h e
r e m o b i l i z a t i o n o f a l r e a d y f i x e d n i t r o g e n
w i t h i n t h e p l a n t may n o t s a t i s f y . We have
a l s o examined t h e e f f e c t o f f l o w e r i n g o n
n i t r o g e n a s e a c t i v i t y .
Effect of Root Temperature
on Chickpea Nodulation
In one s t u d y C. a r i e t i n u m was i n o c u l a t e d
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a t sowing and grown i n a s t e r i l i z e d , quartz 
sand and g r i t m i x t u r e , watered d a i l y w i t h
n i t r o g e n - f r e e n u t r i e n t s o l u t i o n ( D a r t , Day and
H a r r i s 1972). The pots were placed in water
baths m a i n t a i n e d a t c o n s t a n t temperatures.
The common a i r temperature f o r a l l p l a n t s
f l u c t u a t e d between 24 o-27° C d u r i n g the day
and 18°-21 o C at n i g h t . The 12h p h o t o p e r i o d
o f 16,000 l x a t s e e d l i n g l e v e l was p r o v i d e d b y
Warm White F l u o r e s c e n t tubes. At h a r v e s t each
nodulated r o o t was assayed f o r n i t r o g e n a s e
a c t i v i t y . The nodule d i s t r i b u t i o n was r e -
corded and the d r y weights and n i t r o g e n con-
t e n t s o f the p l a n t p a r t s determined.
In a p r e l i m i n a r y experiment a Deshi
v a r i e t y was grown at r o o t temperatures of 15°,
2 0 ° , 25°, 30 o C and i n o c u l a t e d w i t h s t r a i n s
CB1189 or 27A2. Nodules were p r e s e n t and
a c t i v e at t h r e e weeks at 20° and 25° and at
f o u r weeks a t 15°, b ut were not a c t i v e u n t i l
seven weeks at 30°. No nodules were formed by
e i t h e r s t r a i n at 33° C, and p l a n t s d i e d at
35° C. At 35 days, d r y m a t t e r p r o d u c t i o n was
s l i g h t l y l e s s at 30° and 33° C, b u t by 63 days
t h e r e were marked d i f f e r e n c e s i n growth w i t h
the most a t 25° C and very l i t t l e a t 30° and
33° C(Figure 1 ) . N i t r o g e n f i x a t i o n ( t o t a l
p l a n t N - seed N) d i f f e r e d l i t t l e between 15°
and 25° C but no f i x a t i o n o c c u r r e d at 30° C.
S t r a i n CB1189 was s l i g h t l y more e f f e c t i v e than
27A2. Chickpea is u s u a l l y grown in the cool
season, b u t in t h e s u b t r o p i c s temperatures may
r i s e t o these l e v e l s d u r i n g p a r t o f the
growing season.
Root Temperature Effect
with Five Rhizobium Strains
Description of Experiment
F ive d i f f e r e n t Rhizobium s t r a i n s were
used to i n o c u l a t e an I n d i a n Deshi and Kabu l i
v a r i e t y and an I r a n i a n Kabu l i v a r i e t y , g rowing
at r o o t t empera tu res o f 2 3 °, 30° and 33° C to
see i f t h e poor per formance a t h i g h tempera -
t u r e s was a f f e c t e d by s t r a i n . S t r a i n s Ca-1
and Ca-2 were o b t a i n e d f rom the D i v i s i o n o f
M i c r o b i o l o g y , I A R I , New D e l h i ; 27A2 and 27A9
f rom the N i t r a g i n Company, M i lwaukee , U.S.A.
and CB1189 f r om CSIR0 D i v i s i o n o f T r o p i c a l
Agronomy, B r i s b a n e , A u s t r a l i a . P l a n t s were
ha rves ted 42 days a f t e r sow ing .
Results - Nodule Formation
No nodu les were formed by any s t r a i n at
33° C, even though s e v e r a l amendments such as
the a d d i t i o n o f 10% K e t t e r i n g c l a y - l o a m s o i l ,
p e a t , sma l l amounts o f ammonium n i t r a t e , o r
growth i n s o i l were t r i e d . P l an t s g i v e n
combined n i t r o g e n grew w e l l . The l a c k o f
n o d u l a t i o n was no t due to l a c k o f r h i z o b i a .
Figure 1. Dry Weight Production and Nitrogen Fixation by 35 and 63-Day Old Cicer arietinum Plants
Inoculated with Strains CB1189 and 27A2 and Grown at Root Temperatures from 15 to 33 C 
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R e s u l t s - N i t r o g e n F i x a t i o n t hus u n l i k e l y t o b e o f use 1 n s t r a i n s e l e c t i o n
( T a b l e 1 , F i g u r e 2 ) .
S t r a i n s d i f f e r e d s l i g h t l y i n t h e amount
o f n i t r o g e n f i x e d a t 23° C , w i t h d i f f e r e n t
r a n k i n g s between v a r i e t i e s ( F i g u r e 2 ) .
N i t r o g e n f i x a t i o n was w e l l c o r r e l a t e d w i t h
p l a n t d r y w e i g h t p r o d u c t i o n . The s t r a i n s
d i f f e r e d c o n s i d e r a b l y i n nodu le w e i g h t p r o -
d u c e d , and i n n i t r o g e n a s e a c t i v i t y pe r p l a n t
and per gram nodu le t i s s u e , n e i t h e r o f wh i ch
c o r r e l a t e d w e l l w i t h N f i x a t i o n . A n assay o f
n i t r o g e n a s e a c t i v i t y a t a s i n g l e h a r v e s t i s
A t 30° C, l e s s n i t r o g e n was f i x e d and t h e
d i f f e r e n c e s between s t r a i n s were much g r e a t e r .
S t r a i n Ca-2 was more e f f e c t i v e t h a n t h e o t h e r s ,
f i x i n g more t h a n 60% as much n i t r o g e n as at
23° C w i t h a l l c u l t i v a r s . S t r a i n Ca-1 was
m o d e r a t e l y e f f e c t i v e a t t h i s t e m p e r a t u r e b u t
t h e o t h e r s were q u i t e i n e f f e c t i v e . The e f f e c t
o f t h e h i g h e r t e m p e r a t u r e was t o reduce
n i t r o g e n a s e a c t i v i t y per g nodu le t i s s u e ,
p o s s i b l y b y a c c e l e r a t i n g basa l nodu le
senescence .
Figure 2. Symbiotic Performances (a-nitrogen fixation, b-nitrogenase activity and c-plant dry
weight) by the Strains Ca-I, CB1189, 27A9, 27A2, and Ca-2 at 42 Days with Cicer var.




with Ca-2 and 27A2
Description of Experiment
S t r a i n Ca-2 and 27A2, which d i f f e r e d most
in t h e i r response at 30° C were examined
f u r t h e r , u s i n g the I n d i a n K a b u l i v a r i e t y . They
were grown at 23o C and 30° C r o o t tempera-
t u r e s and h a r v e s t e d a t weekly i n t e r v a l s f r o m
t h r e e t o t e n weeks a f t e r sowing.
Results
F i g u r e 3 shows t h a t l i t t l e d i f f e r e n c e
o c c u r r e d i n growth between t r e a t m e n t s u p t o
f i v e weeks. T h e r e a f t e r , p l a n t s i n o c u l a t e d
w i t h s t r a i n 27A2 grew and f i x e d l i t t l e a t
30 o C, b u t those g i v e n s t r a i n Ca-2 c o n t i n u e d
growing and at t e n weeks had f i x e d about 60%
as much No as at 23° C as in the p r e v i o u s
experiment. S t r a i n Ca-2 was again s l i g h t l y
more e f f e c t i v e t h a n s t r a i n 27A2 a t 23° C.
Fi g u r e 4 shows t h a t nodule growth was
s i m i l a r f o r b o t h s t r a i n s t h r o u g h o u t t h e t e n
week p e r i o d . An e x c e p t i o n was 27A2 p l a n t s
grown at 30° C which produced l e s s w e i g h t of
n o d u l e , a l t h o u g h t h i s r e d u c t i o n was not as
marked as was p l a n t growth and N2 f i x a t i o n .
T h i s suggests t h a t t h e d i f f e r e n c e s i n n i t r o g e n
f i x a t i o n were p r i m a r i l y r e l a t e d t o d i f f e r e n c e s
i n e f f i c i e n c y (N2-ase a c t i v i t y per g nodule
w e i g h t ) r a t h e r t n a n t o t o t a l nodule w e i g h t .
F i g u r e 5 shows t h a t n i t r o g e n a s e a c t i v i t i e s
per p l a n t i n c r e a s e d u n t i l t h e seventh week f o r
a l l c o m b i n a t i o n s and then d e c l i n e d , a l t h o u g h
f o r 27A2 a t 30° C a c t i v i t y i n c r e a s e d v e r y
l i t t l e a f t e r t h e f o u r t h week. N2-ase a c t i v i -
t i e s per p l a n t c o r r e l a t e d w e l l w i t h t h e
amounts o f N2 f i x e d . The d e c l i n e i n N2-ase
a c t i v i t y was n o t a s s o c i a t e d w i t h f l o w e r i n g
which began about 35 days from sowing. By t h e
Figure 3. Dry Weight Production by Cicer arietinum Inoculated with Strain Ca-2 or 27A2 and Grown at
Root Temperatures of 23 or 30°C. (The amounts of N fixed over the 10 week period are
also listed.)
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Figure 4. Nodule Production by Cicer arietinum Plants Inoculated with Strains Ca-2 or 27A2 and
Grown at Root Temperatures of 23 and 30 C 
Figure S. Nitrogenase Activity (per plant) for Nodulated Roots of Cicer arietinum Inoculated with
Strain Ca-2 or 27A2 and Grown at Root Temperatures of 23 and 30
23°
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t e n t h week, pod f i l l was w e l l advanced and
p l a n t s were senescing. Nodule e f f i c i e n c i e s
d e c l i n e d f o r a l l combinations a f t e r f o u r weeks
of p l a n t g r o w t h , when nodules were l e s s than
14 days o l d .
F i g u r e 6 shows n i t r o g e n a s e a c t i v i t y o f
Ci c e r nodules formed at 23 o C, near the
optimum t e m p e r a t u r e f o r growth and N2 f i x a t i o n ,
and i n c u b a t e d at a range of temperatures from
6° to 40° C. A c e t y l e n e r e d u c t i o n was found
over t h e whole temperature range w i t h maximum
a c t i v i t y between 24° and 33° C, and a r a p i d
d e c l i n e a t h i g h e r t e m p e r a t u r e s . Thus the
lower e f f i c i e n c i e s of nodules on p l a n t s grown
at 30° C in t h e p r e v i o u s experiments were n o t
due to an e f f e c t of temperature on t h e f u n c -
t i o n i n g o f t h e n i t r o g e n a s e enzyme b u t were
r e l a t e d to the amount of enzyme p r e s e n t .
Effect of Transferring
Nodulated Plants
to High Root Temperatures
Description of Experiment
P l a n t s n o d u l a t e d and grown c o n t i n u o u s l y
a t 23° C were t r a n s f e r r e d to r o o t t e m p e r a t u r e s
o f e i t h e r 33° o r 36° C f o r p e r i o d s up to seven
d a y s .
R e s u l t s
F i g u r e 8 shows t h a t n i t r o g e n a s e a c t i v i t y
Figure 6. Nitrogenase Activity per g Nodule Weight for Nodulated Roots of Cicer arietinum-Cal Plants
Incubated During Assay at Temperatures Ranging from 6o to 40° C. (Bottles containing the
roots were equilibrated at the assay temperatures for 10 min. or 30 min. before the
C2H3 was added. Bars represent standard errors of the means for the eight replicate roots.)
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R a p i d l y d e c l i n e d under continuous h i g h temper-
a t u r e and was zero a f t e r 48h at 36° C. A f t e r
72h at 33° C, it was o n l y 17% of t h e c o n t r o l s
a t 23° C. When the high temperature t r e a t m e n t
was a p p l i e d f o r o n l y 5h d u r i n g the day--a
s i t u a t i o n perhaps nearer t o t h a t i n f i e l d
s o i l s - - n i t r o g e n a s e a c t i v i t y also d e c l i n e d
r a p i d l y . S o i l temperatures of 33° to 36° C in
the zone where nodules form are not unusual in
the s u b t r o p i c s . Three d a i l y c y c l e s o f h i g h
temperature were s u f f i c i e n t t o halve N2-ase
a c t i v i t i e s , w i t h f u r t h e r d e c l i n e a f t e r seven
c y c l e s .
Effect of Transfer From
High to Lower Temperatures
Description of Experiment
A subsequent expe r imen t was done to f i n d
whether t h e N 2 -ase a c t i v i t y l o s t d u r i n g
exposure to h i g h t e m p e r a t u r e was r e s t o r e d when
p l a n t s were t r a n s f e r r e d back to a lower tem-
p e r a t u r e . Kabu l i p l a n t s i n o c u l a t e d w i t h
s t r a i n Ca-2 were grown at 23° C r o o t
Figure 7a.
Figure 7b.
Effect of Transfer from a Continuous Root Temperature of 23o to 33o or 36o C on Nitrogenase
Activity per g Dry Weight Nodule of Cicer ariettnum-Cal Plants. (Nodulated roots were
assayed at the transfer temperatures.)
Effect of Daily Increases of Temperature (cycling) from 23° to 33° or 36 C on N2ase Activ-
ity of Nodulated Roots of Cicer arietinum-Cal Plants Grown at 23° and Assayed at the
Transfer Temperature
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Time at high temp, (h) Doily high temperature cycles
8. Nitrogenase Activity per Plant and per g Nodule Tissue of Nodulated Roots of Cicer when
Transferred from 23° Root Temperature ( controls remaining at 23°) to conditions
where the Root Temperature Increased Daily to Either 33° or 36° ; 




temperature f o r 30 days. They were then
t r a n s f e r r e d t o baths i n which the temperature
c y c l e d d a i l y , i n c r e a s i n g from 23° C a t n i g h t
to 33° or 36° C d u r i n g the day ( p o t tempera-
t u r e s of 32.5° and 35° C), and c o o l i n g
g r a d u a l l y to 23° C at n i g h t . The h i g h temper-
a t u r e c y c l e began at 9 a.m. each day, t a k i n g
1.5h to r i s e to 33° C and was then m a i n t a i n e d
at t h i s temperature f o r 6.5h. Temperature was
then r a i s e d to 36° C, over 2h and m a i n t a i n e d
f o r a n a d d i t i o n a l 6h.
The N2-ase a c t i v i t i e s o f s i x p l a n t s from
two r e p l i c a t e pots were assayed at 23° C a f t e r
2, 5 and 10 c y c l e s of high r o o t temperatures
and j u s t b e f o r e the s t a r t o f the next c y c l e .
Some p l a n t s were t r a n s f e r r e d back t o 23° C a t
the end of each of these c y c l e s and t h e i r
N2-ase a c t i v i t i e s assayed a f t e r an a d d i t i o n a l
7 and 14 days growth. C o n t r o l p l a n t s c o n t i -
nuously grown at 23* C r o o t temperature were
a l s o assayed.
Results
The nodule w e i g h t of the p l a n t s i n c r e a s e d
u n t i l 5 5 days i n a l l t r e a t m e n t s . F i g u r e 8 
shows t h a t the N2-ase a c t i v i t i e s o f the p l a n t s
t r a n s f e r r e d e i t h e r to 33 o C or to 36° C 
d e c l i n e d s h a r p l y d u r i n g t h e f i r s t two c y c l e s .
A f t e r f u r t h e r c y c l e s , N2-ase a c t i v i t y per
p l a n t i n c r e a s e d at 33° t b u t decreased at
36° C. Nodule e f f i c i e n c y (umol C2H4/g nodule
t i s s u e ) d i d n o t d e c l i n e f u r t h e r a t 33° C , but
d i d at 36° C. As e x p e c t e d , t h e Np-ase
a c t i v i t y o f c o n t r o l p l a n t s g e n e r a l l y i n c r e a s e d
w i t h t i m e , b u t nodule e f f i c i e n c y g r a d u a l l y
d e c l i n e d .
The r a p i d d e c l i n e i n e f f i c i e n c y over the
f i r s t f i v e days may r e f l e c t a d i f f e r e n c e i n
N2-ase a c t i v i t y t h roughout the day. The h i g h
v a l u e f o r the i n i t i a l c o n t r o l assay was
p o s s i b l y o b t a i n e d because i t was done j u s t
b e f o r e t h e end of the p h o t o p e r i o d , whereas the
o t h e r assays were c a r r i e d out w i t h i n 2h of the
commencement of the p h o t o p e r i o d b e f o r e the
d a i l y c y c l e o f temperature i n c r e a s e began.
When the p l a n t s were t r a n s f e r r e d back t o 23° C 
a f t e r the c y c l e s o f h i g h t e m p e r a t u r e , N2-ase
a c t i v i t y r e t u r n e d t o 60-100% o f the c o n t r o l
a c t i v i t y w i t h i n seven days o f t r a n s f e r . This
r e c o v e r y r e s u l t e d mainly from the r a p i d
development of new, leghaemoglobin c o n t a i n i n g ,
b a c t e r o i d t i s s u e .
Although N2-ase a c t i v i t y was c o n s i d e r a b l y
decreased by two c y c l e s at 33° C or 36° C 
compared t o c o n t r o l p l a n t s grown c o n t i n u o u s l y
a t 23° C , t h i s had l i t t l e e f f e c t o n p l a n t d r y
w e i g h t , measured 14 days a f t e r the h i g h
temperature t r e a t m e n t . With f u r t h e r c y c l e s o f
h i g h t e m p e r a t u r e , p a r t i c u l a r l y at 36° C, d r y
m a t t e r p r o d u c t i o n decreased compared to t h e
c o n t r o l p l a n t s ( F i g u r e 9 ) . However, the
p l a n t s c o n t i n u e d t o accumulate d ry m a t t e r even
though N2-ase a c t i v i t y was decreased by l o n g e r
r o o t t r e a t m e n t s .
N i t r o g e n f i x a t i o n per p l a n t f o l l o w e d t h i s
p a t t e r n (Table 2 ) , and decreased by 2 1 % and
28% at 33° and 36° C r e s p e c t i v e l y a f t e r f i v e
c y c l e s and by 34% a f t e r t e n c y c l e s at 36° C.
With t e n c y c l e s at 33° C, N2- f i x a t i o n was
l e s s i n h i b i t e d (by o n l y 18% of the c o n t r o l s ) ,
presumably r e f l e c t i n g t h e recovery o f a c t i v i t y
d u r i n g the l a s t f i v e c y c l e s o f the t r e a t m e n t .
However, i t seems u n l i k e l y t h a t p l a n t s g i v e n
f i v e o r t e n c y c l e s a t h i g h temperature c o u l d
subsequently compensate f o r the l o s s i n
n i t r o g e n f i x a t i o n o c c u r r i n g d u r i n g t h i s period.
Effect of Daylength
on the Chickpea Symbiosis
This s e c t i o n d e s c r i b e s the e f f e c t o f two
d i f f e r e n t p h o t o p e r i o d s , 11h and 20h, on c h i c k -
pea s y m b i o s i s , f o r a comparison between
s i m i l a r l y aged p l a n t s i n e i t h e r a v e g e t a t i v e
or a r e p r o d u c t i v e phase.
Uniform seeds of an I n d i a n Deshi and
Kabuli v a r i e t y , and a B u l g a r i a n Kabuli v a r i e t y
were i n o c u l a t e d w i t h s t r a i n CB1189 and sown
in 1 sand: 1 g r i t m i x t u r e , watered w i t h
n i t r o g e n - f r e e n u t r i e n t s o l u t i o n (Carpenter
1966). Plants were grown in S a x c i l MK II
C o n t r o l l e d Environment Cabinets i n l l h o r 20h
p h o t o p e r i o d s . A l l p l a n t s r e c e i v e d a n l l h
p h o t o s y n t h e t i c p e r i o d of 26,000 1x, but one
p h o t o p e r i o d was extended to 20h by nonphoto-
s y n t h e t i c , incandescent l i g h t o f 430 l x f o r
4.5h b e f o r e and a f t e r t h e p h o t o s y n t h e t i c
p e r i o d . The day temperature of 23° C a l s o
l a s t e d f o r l l h w i t h a n i g h t temperature o f
19° C. The r e l a t i v e h u m i d i t y i n s i d e the
c a b i n e t was between 70% and 80%.
Plant Form and
Dry Matter Production
A l l v a r i e t i e s produced more branches (>10
b r a n c h e s / p l a n t ) i n l l h than i n 20h. F i g u r e 1 0
shows t h a t new branches c o n t i n u e d t o form u n t i l
56 days f o r Deshi and 63 days f o r the Kabuli
and B u l g a r i a n v a r i e t i e s . Deshi produced
s l i g h t l y more branches than the o t h e r two. I n
20h, the B u l g a r i a n v a r i e t y formed most l a t e r a l
branches; some p l a n t s d i d not produce any
l a t e r a l branches and o t h e r s formed o n l y two
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Figure 9. Dry Matter Production of Cicer Plants Grown Continuously at 23o Root Temperature or when
the Plants were Transferred to Conditions where the Root Temperatures Rose to 33° or 36°
for 7h and 6h Respectively Each Day for 2, 5 and 10 Days and then Transferred Back to
23o for 14 Days Before Dry Weights Measured
Table 2. Effect of Several
Temp. °C
23° c o n t i n u o u s l y
23 --> 33 --> 23
23 ---> 36 — > 23
* % dec rease in f i x a t i
Cycles of High Root Temperature on Nitrogen Fixation (mgN/plant) in Cicer
on o f
47 .3 6 5 . 2 78 .4
Cyc les a t h i gh t e m p e r a t u r e
2 5 10
3 8 . 8 5 1 . 8 (21%)* 6 4 . 5 (18%)
45 .9 4 7 . 0 (28%) 5 1 . 6 (34%)
Age a t h a r v e s t , 14 days a f t e r t r a n s f e r back to 23°
46 49 54
c o n t r o l s
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Plant age (days)
t o f i v e per p l a n t .
In 11h, new branches were produced
r a p i d l y a f t e r 28 days and these a l s o elongated
r a p i d l y . The e a r l y formed branches produced
secondary branches up u n t i l about 56 days. In
20h t h e few branches formed elongated r a p i d l y
to more than 10 cm by 49 days. V i r t u a l l y no
new branches were produced a f t e r 42 days.
The h e i g h t o f the c e n t r a l a x i s f o r each
v a r i e t y i n 20h i n c r e a s e d very r a p i d l y u n t i l 3 5
days and then more s l o w l y . I n l l h , the c e n t r a l
a x i s c o n t i n u e d to e l o n g a t e u n t i l 65 days
becoming t a l l e r than i n the longer p h o t o p e r i o d
f o r Deshi and K a b u l i .
I n l l h , Deshi and Kabuli f l o w e r e d a t 3 5
days b u t the B u l g a r i a n v a r i e t y had not
f l o w e r e d by 86 days. Deshi and Kabuli flowered
at 28 days and B u l g a r i a n at 33 days in the 20h
p h o t o p e r i o d . I n t h e l l h p h o t o p e r i o d most o f
the f l o w e r s were on l a t e r a l branches but many
f a i l e d to form pods ( F i g u r e 11). A g r e a t e r
p r o p o r t i o n o f the f l o w e r s i n 20h developed
i n t o pods. F a i l u r e t o develop pods by many o f
the f l o w e r s and f a i l u r e o f pods t o mature
c o u l d be an i n c i d e n t of the c a b i n e t c o n d i t i o n s ,
and l i g h t q u a l i t y may b e the i m p o r t a n t f a c t o r .
Daylength however has a s t r i k i n g e f f e c t on
p l a n t development i n chickpea.
Most d r y m a t t e r was produced i n l l h
(Figure 12). There was l i t t l e difference
between varieties in either daylength.
N o d u l a t i o n a n d N 2 - f i x a t i o n
P l a n t s nodulated w i t h i n 14 days from
sowing. There was much v a r i a t i o n i n t h e num-
ber of primary r o o t nodules formed even among
the t h r e e p l a n t s o f the same p o t . A l l t h r e e
v a r i e t i e s produced more nodule t i s s u e i n l l h
than i r 20h. I n s h o r t days, nodule growth o n
Deshi c o n t i n u e d u n t i l 86 days, u n t i l 78 days
f o r Kabuli and 65 days f o r the B u l g a r i a n
v a r i e t y . Nodule growth ceased by 50 days in
20h and a f t e r t h i s t i m e degeneration increased
very r a p i d l y .
Nitrogenase a c t i v i t y was present i n a l l
t r e a t m e n t s by 18 days, o n l y 4 days a f t e r the
appearance o f t h e f i r s t nodules. Nodules
formed i n s h o r t days were more e f f e c t i v e w i t h
s i g n i f i c a n t l y d i f f e r e n t p a t t e r n s o f a c t i v i t y
between v a r i e t i e s . Nitrogenase a c t i v i t y per
p l a n t i n c r e a s e d u n t i l 4 5 days f o r Deshi, and
53 and 65 days f o r B u l g a r i a n and Kabuli
v a r i e t i e s i n the l l h p h o t o p e r i o d . I n 20h,
a c t i v i t y reached a maximum a t 40 days and then
d e c l i n e d r a p i d l y ( F i g u r e 13).
Daylength had l i t t l e e f f e c t on the
e f f i c i e n c y of the nodules (N2-ase per g nodule).
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Figure 10. Lateral Branch Production by Deshi Cicer in 11h and 20h Photoperiods (11h photosynthetic
period)
Plant age (days)




Figure 1 1 . Flower and Pod Formation on the Main Stem and Lateral Branches by Deshi Cicer in 11h
and 20h Photoperiods (11h photosynthetic period)
The h i g h e r a c t i v i t y per p l a n t i n l l h r e f l e c t e d
t h e i n c r e a s e i n nodule w e i g h t per p l a n t .
G e n e r a l l y as p l a n t s and nodules grew, nodule
e f f i c i e n c y decreased, p a r t l y because some o f
th e nodule t i s s u e a t t h e base o f t h e nodules
had s t a r t e d t o senesce and had l i t t l e o r no
N2-ase a c t i v i t y .
F l o w e r i n g had no immediate i n f l u e n c e on
N2-ase a c t i v i t y . A l t h o u g h t h e B u l g a r i a n
v a r i e t y d i d not f l o w e r i n l l h t h i s was not
r e f l e c t e d 1n the p a t t e r n o f N2-ase a c t i v i t y .
Compared t o p l a n t s grown i n tanks i n t h e
t emperature e x p e r i m e n t s , the nodules had much
more n i t r o g e n a s e a c t i v i t y per g nodule t i s s u e .
The i n c r e a s e d e f f i c i e n c y o f t h e nodules i n t h e
d a y l e n g t h experiment was p r o b a b l y because t h e
l i g h t i n t e n s i t y was about 10,000 1x g r e a t e r i n
t h e growth c a b i n e t s t h a n i n t h e t e m p e r a t u r e
e x p e r i m e n t s .
Table 3 shows t h a t p l a n t s f i x e d more
n i t r o g e n 1 n a n l l h p h o t o p e r i o d t h a n those
grown in 20h. By 90 days, Deshi had f i x e d 24%
and Kabuli 27% more n i t r o g e n i n l l h t h a n i n
Table 3. Effect of Daylength on Nitrogen Fixation
(mg N/plant) for Deshi and Kabuli Cicer in
11 and 20 h Photoperiods






























t h e 20h p h o t o p e r i o d , a l t h o u g h t h e p l a n t s i n
l l h had o n l y 13.5% more d r y m a t t e r .
The i n c r e a s e in n o d u l a t i o n ( b o t h number
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Figure 13 Nitrogenase Activity per Plant and per g Dry Weight Nodule for Nodulated Roots of Cicer
in 11h and 20h Photoperiod, with an 11h Photosynthetic Period for Both
and w e i g h t per p l a n t ) i n 1 1 h c o u l d have two
causes. The p l a n t s i n l l h produced more r o o t
t i s s u e w i t h a consequent i n c r e a s e i n i n f e c t i o n
s i t e s f o r nodule f o r m a t i o n . These p l a n t s a l s o
had more branches w i t h many more leaves and
thus p h o t o s y n t h e s i s p r o b a b l y s u p p l i e d more
c a r b o h y d r a t e t o the r o o t s t o s t i m u l a t e nodule
f o r m a t i o n and development. Singh (1958) a l s o
found t h a t t h e reduced n o d u l a t i o n i n C i c e r i n
d a y l e n g t h s g r e a t e r t h a n 12h was a s s o c i a t e d
w i t h a decrease i n l e a f number.
L i t t l e i s known o f t h e e f f e c t o f day-
l e n g t h o n t h e t r a n s l o c a t i o n o f c a r b o h y d r a t e o r
hormones to t h e r o o t s and t h e subsequent
e f f e c t o n n o d u l a t l o n . Nodules are s t r o n g
s i n k s f o r b o t h . I t seems l i k e l y t h a t t h e main
e f f e c t o f d a y l e n g t h i s o n p h o t o s y n t h e s i s , a s
s e v e r a l v a r i e t i e s o f nonnodulated C i c e r p l a n t s ,
depending o n I n o r g a n i c combined n i t r o g e n f o r
t h e i r g r o w t h , produced more d r y m a t t e r i n a 
12h day of 28,000 1x compared to e i t h e r 16 or
8h days w i t h t h e same l i g h t I n t e n s i t y (Sandhu
and Hodges 1971).
PIGEONPEA EXPERIMENTS
Pigeonpea r h i z o b i a are o f t h e cowpea
c r o s s - i n o c u l a t i o n group. T h i s group o f p l a n t s ,
have t h e a b i l i t y t o r e c i p r o c a l l y n o d u l a t e w i t h
s t r a i n s o f r h i z o b i a f r o m most o t h e r p l a n t s i n
t h e group. Several subgroupings have been
d e f i n e d where r e l a t i o n s h i p s between h o s t and
s t r a i n are more s p e c i f i c , p a r t i c u l a r l y f o r
e f f e c t i v e n o d u l a t i o n t o o c c u r , e.g.,
S t y l o s a n t h e s spp. The cowpea r h i z o b i a a r e
u s u a l l y slow growing s t r a i n s w i t h l i t t l e gum
p r o d u c t i o n , b u t a few f a s t growing s t r a i n s
have been i s o l a t e d . Plgeonpea nodules a r e
u s u a l l y e l o n g a t e w i t h a t e r m i n a l m e r i s t e m ,
w i t h r h i z o b i a d i s s e m i n a t e d i n t h e nodule b y
c e l l d i v i s i o n ( K a p i l and K a p i l 1971).
We r e p o r t here t h e response of plgeonpea
cv T r i n i d a d Dwarf No.5 (seed k i n d l y s u p p l i e d
by Or. John Spence, U n i v e r s i t y of West I n d i e s ) ,
cowpea c v K2809 ( f r o m I I T A ) , and S i r a t r o , t o
I n o c u l a t i o n b y Rhizobium s t r a i n s i s o l a t e d f r o m
A f r i c a . Table 4 g i v e s t h e o r i g i n o f t h e
s t r a i n s .
Description of Experiment
P l a n t s were grown in t h e summer in
England in a heated g l a s s house w i t h day
t e m p e r a t u r e s r a n g i n g f r o m 27 o-35° C and a 
n i g h t t e m p e r a t u r e of 25° C. The p l a n t s were
I n o c u l a t e d a t sowing I n t o t h e s a n d : g r i t r o o t i n g
medium which was f l u s h e d t h r o u g h d a i l y w i t h a 
n u t r i e n t s o l u t i o n c o n t a i n i n g 25 ppm N as
n i t r a t e , w i t h care taken t o p r e v e r t c r o s s
c o n t a m i n a t i o n . U n i n o c u l a t e d c o n t r o l p l a n t s
remained u n n o d u l a t e d .
Dry Matter Production
F i g u r e 14 shows t h e p a t t e r n of d r y
m a t t e r p r o d u c t i o n . The t h r e e hosts responded
q u i t e d i f f e r e n t l y t o t h e 1 4 s t r a i n s . S t r a i n s
CB756 and CB1024 performed p o o r l y , emphasizing
t h e d i f f i c u l t y o f c h o o s i n g s t r a i n s e f f e c t i v e
on a range of h o s t s p e c i e s . An i n t e r a c t i o n
between c u l t i v a r and s t r a i n may a l s o c o m p l i -
c a t e t h e s e l e c t i o n and we found a marked
i n t e r a c t i o n f o r cowpea ( S u m m e r f l e l d , M i n c h i n ,
Eaglesham, and D a r t , u n p u b l i s h e d ) . Both CB756
and CB1024 were s e l e c t e d f o r Poona cowpea and
p r o b a b l y a l s o under c o o l e r s o i l t e m p e r a t u r e s
than i n o u r t r i a l .
Performance of Strains
S t r a i n 5018 was e f f e c t i v e f o r a l l t h r e e
h o s t s , b u t f i e l d t e s t i n g would b e e s s e n t i a l
b e f o r e 1t c o u l d be recommended as a s t r a i n f o r
I n o c u l a n t p r o d u c t i o n . The d i f f e r e n c e s i n t h e
h o s t responses i l l u s t r a t e t h e need t o s e l e c t
s t r a i n s which n o d u l a t e and f i x N 2 w e l l w i t h
o t h e r h o s t s i n t h e c r o s s - 1 n o c u l a t 1 o n group.
T h i s i s necessary because t h e r e i s a s t r o n g
l i k e l i h o o d t h a t o t h e r p l a n t s 1 n t h e group
(which i n c l u d e s g r o u n d n u t ) would be sown l a t e r
i n t h e same f i e l d . I n o c u l a n t p r o d u c t i o n 1s
e a s i e r 1 f one s t r a i n i s s u i t a b l e f o r s e v e r a l
legumes. The l i m i t a t i o n s o f i n o c u l a n t s
c o n t a i n i n g more t h a n one s t r a i n can be deduced
f r o m o u r r e s u l t s . One o f t h e s t r a i n s may w e l l
f o r m most o f t h e nodule t i s s u e o n a p l a n t ,
i . e . , i s c o m p e t i t i v e i n nodule f o r m a t i o n , b u t
b e p o o r l y e f f e c t i v e i n f i x i n g N2.
F i g u r e 15 shows t h e p a t t e r n of nodule
p r o d u c t i o n b y t h e s e s t r a i n s . A l l s t r a i n s
n o d u l a t e d s i r a t r o — o f t e n used a s t h e t e s t
p l a n t when c o u n t i n g t h e numbers of Rhizobium
1n t h e cowpea group by a s e r i a l d i l u t i o n - p l a n t
n o d u l a t l o n method because o f I t s s m a l l seed-
l i n g s i z e . S t r a i n 5017 n o d u l a t e d s i r a t r o only.
S t r a i n s 5000, 5016 and 5011 d i d n o t n o d u l a t e
plgeonpea, b u t d i d n o d u l a t e cowpea. Nodule
t i s s u e p r o d u c t i o n was w e l l c o r r e l a t e d w i t h
p l a n t growth f o r plgeonpea and s i r a t r o b u t n o t
f o r cowpea.
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Table 4. Origin of Rhizobium Strains



















Pa le g reen cowpea
Winged bean







Source o f i n o c u l u m





Moor p l a n t a t i o n , Ibadan
Lagos , s o i l a round D o l i c h o s s p p .
Samaru, N. N i g e r i a
Samaru, S t y l o s a n t h e s mucronata s o i l
Kano s o i l , N . N i g e r i a
Makerere U n i v . Uganda s o i l
"
Rhodesia
ex CSIR0, B r i s b a n e A u s t r a l i a
S t r a i n CB1024 i s a l i k e l y r ep lacemen t f o r CB756 f o r use i n commerc ia l i n o c u l a n t s p roduced
i n A u s t r a l i a f o r t h e cowpea g r o u p .
OBSERVATIONS
I t i s i m p o r t a n t t o s e l e c t t h e b e s t
Rh izob ium s t r a i n when t h e p a r t i c u l a r s p e c i e s
i s absen t o r p r e s e n t i n low numbers i n t h e
s o i l . Once a s t r a i n becomes e s t a b l i s h e d i n
s o i l i t i s d i f f i c u l t t o r e p l a c e w i t h a more
s u i t a b l e o n e .
There i s a d e a r t h o f knowledge on t h e
pe r fo rmance o f t h e c h i c k p e a and p igeonpea
symbioses under f i e l d c o n d i t i o n s . I t i s
u n c e r t a i n how much o f t h e n i t r o g e n up take by
t h e p l a n t comes f r o m i t s N 2 - f i x a t i o n , and t h e
I n f l u e n c e o f s o i l c o n d i t i o n s — p a r t i c u l a r l y
s o i l n u t r i e n t and o r g a n i c m a t t e r c o n t e n t
( D a r t , Day, I s l a m , and D o b e r e i n e r 1 9 7 5 ) . We
need new ways to i n o c u l a t e legume seeds 1n
advance o f sowing so t h a t Rh izob ium numbers
rema in h i g h enough t o n o d u l a t e p l a n t s w i t h
t h e b e t t e r s t r a i n s we may s e l e c t , even in s o i l s
a l r e a d y c o n t a i n i n g r h i z o b i a c a p a b l e o f
n o d u l a t i n g t h e s e e d s .
Because h o s t genes a l s o d e t e r m i n e t h e
a b i l i t y o f legumes t o n o d u l a t e and t o f i x
n i t r o g e n , p l a n t b r e e d e r s ' m a t e r i a l s h o u l d b e
t e s t e d f o r a b i l i t y t o n o d u l a t e and f i x N 2 a t
e v e r y s t a g e i n t h e s e l e c t i o n p r o c e s s .
S o u r c e - s i n k r e l a t i o n s h i p s w i t h i n t h e
p l a n t a r e i m p o r t a n t f o r t h e ma in tenance o f
nodu le f u n c t i o n . I f newly f i x e d N i s r e q u i r e d
d u r i n g pod f i l l , i t i s necessa ry t h a t nodu les
o b t a i n enough c a r b o h y d r a t e t o f i x t h i s N 2 and
r e e x p o r t i t . A n o t h e r di lemma f a c i n g t h e breed-
e r i s t h e r e d u c t i o n i n r o o t s i z e t h a t o f t e n
accompanies good n o d u l a t i o n . A good r o o t s y s -
tem i s e s s e n t i a l n o t o n l y f o r up take o f n u t r i -
e n t s . Deep r o o t s a r e necessa ry a l s o f o r w a t e r
s u p p l y t o t h e nodu les t o m a i n t a i n t h e i r e x p o r t
o f f i x e d n i t r o g e n when s o i l a round them i s t o o
d r y f o r d i r e c t m o i s t u r e u p t a k e . Nodules can
r e c e i v e w a t e r f r o m r o o t s deeper 1 n t h e s o i l .
A more comp le te u n d e r s t a n d i n g o f t h e
m i c r o b i o l o g i c a l and p h y s i o l o g i c a l p rocesses
I n v o l v e d I n t h e s y m b i o s i s o f c h i c k p e a and
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pigeonpea wou ld c o n t r i b u t e t o i n c r e a s i n g t h e i r
p r o d u c t i v i t y .
SUMMARY
Tempera ture has a marked e f f e c t on t h e
ch i ckpea s y m b i o s i s . S i m i l a r amounts o f
n i t r o g e n were f i x e d between 15° and 25° C r o o t
t e m p e r a t u r e , b u t much l e s s at 30° C. One
Rhizob ium s t r a i n f i x e d much more a t 30° than
t h e f o u r o t h e r s t e s t e d , a l t h o u g h t h e r e was
l e s s d i f f e r e n c e a t 2 3 °. There was a l s o a hos t
c u l t i v a r — R h i z o b i u m s t r a i n i n t e r a c t i o n i n
n i t r o g e n f i x a t i o n . A t 33° C nodules were n o t
formed a l t h o u g h p l a n t s grew on combined
n i t r o g e n . The n i t r o g e n a s e o f nodules formed
at 23o C was a c t i v e when i n c u b a t e d at tempera -
t u r e s f r om 6° t o 40° C , w i t h maximum a c t i v i t y
between 24° and 33° C. T r a n s f e r r i n g nodu la ted
p l a n t s f r om 23° to 32 .5° o r 35° r o o t tempera-
t u r e s caused a r a p i d d e c l i n e i n n i t r o g e n
f i x a t i o n . When t h e r o o t t e m p e r a t u r e rose
d u r i n g t h e day to 3 2 . 5 °, t h e r e was some
r e c o v e r y o f a c t i v i t y a f t e r f i v e d a i l y c y c l e s ;
t h e r e was no r e c o v e r y at 35° C. Two c y c l e s
had no e f f e c t on p l a n t - d r y w e i g h t and
N 2 - f i x a t i o n , b u t f i v e and t e n c y c l e s caused
a r e d u c t i o n of 18% to 34% when measured 14
days a f t e r t h e t r e a t m e n t .
Chickpea grown in an 11h p h o t o p e r i o d
f l o w e r e d l a t e r t h a n p l a n t s grown i n 20h ( l l h
o f l i g h t capab le o f s u p p o r t i n g p h o t o s y n t h e t i c
i n t e n s i t y ex tended t o 20h b y low l i g h t
i n t e n s i t y ) , b u t f l o w e r i n g had no immediate
e f f e c t o n n o d u l a t i o n o r n i t r o g e n a s e a c t i v i t y .
P l a n t s i n l l h b ranched and f l o w e r e d more ,
produced more d r y m a t t e r , and f i x e d more
n i t r o g e n than t hose i n t h e 20h p h o t o p e r i o d .
P igeonpea, cowpea and s i r a t r o produced
d i f f e r e n t amounts o f d r y m a t t e r i n response
t o i n o c u l a t i o n b y f o u r t e e n s t r a i n s o f r h i z o b i a
f rom t h e cowpea m i s c e l l a n y , w i t h much d i f f e r -
ence between s t r a i n s . Nodule w e i g h t per p l a n t
c o r r e l a t e d w e l l w i t h p l a n t d r y w e i g h t f o r
pigeonpea and s i r a t r o b u t n o t cowpea.
A l l s t r a i n s n o d u l a t e d s i r a t r o b u t t h r e e
s t r a i n s d i d n o t n o d u l a t e p igeonpea and one o f
these d i d no t n o d u l a t e cowpea.
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DISCUSSION
Chickpeas a re g i v e n 70 kg superphosphate per ha and N is o p t i o n a l .
Temperature in t h e c h i c k p e a season seldom reaches 30°C.
W i t h r e g a r d t o e f f e c t o n n i t r o g e n a s e a c t i v i t y o f t e m p e r a t u r e : was
t h e r e y e l l o w i n g o f t h e p l a n t s when t h e y were moved f r om low to h i g h
tempera tu re?
Yes. The e a r l y p l a n t e d c r o p a t ICRISAT i n October e x p e r i e n c e d s o i l
t e m p e r a t u r e s i n excess o f 30°C. Nodules appeared t o be i n e f f e c t i v e .
S e l e c t i o n o f Rh i zob ia whose symb ios i s i s more t o l e r a n t o f h i g h
t e m p e r a t u r e i s p o s s i b l e , b u t o t h e r f a c t o r s need t o be measured—such
a s t h e e f f e c t o f f l u c t u a t i n g s o i l t e m p e r a t u r e s o n nodu le f o r m a t i o n .
There i s n o t h i n g concerned w i t h f l o w e r i n g i t s e l f t h a t i n h i b i t s
n i t r o g e n f i x a t i o n i n c h i c k p e a s .
In P1sum sa t i vum a v a r i a t i o n i n n i t r o g e n a s e a c t i v i t y among v a r i e t i e s
has been d e m o n s t r a t e d . Does t h i s e x i s t in c h i c k p e a s and p igeonpeas?
I t i s p o s s i b l e t o f i n d hos t c u l t i v a r - Rhizobium s t r a i n c o m b i n a t i o n s
w i t h a n ex tended p e r i o d o f n i t r o g e n f i x a t i o n i n Pisum s a t i v u m . I n
t h e a s s o c i a t i o n s o f ch i ckpea t e s t e d s o f a r n o d i f f e r e n c e s were f ound
i n the d u r a t i o n o f n i t r o g e n f i x a t i o n .
What i s t h e e f f e c t o f chemica l seed t r e a t m e n t o n i n o c u l a t i o n ?
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P.J. D a r t : There a re some f u n g i c i d e s l e s s t o x i c t o R h i z o b i a , b ut nematocides
and i n s e c t i c i d e s are more d i f f i c u l t . A new t e c h n o l o g y o f i n o c u l a t i o n
i s needed.
J.S. Kanwar: Your experiments were in sand c u l t u r e . Can you g e t h i g h responses
under s o i l c o n d i t i o n s w i t h R h i z o b i a c u l t u r e s ?
P.J. D a r t : Chickpea growth i n c o n t r o l l e d environments i s something which produces
e a r l y senescence, b u t p l a n t s grown i n sandy s o i l low i n N a t Woburn
near Rothamsted n o d u l a t e d w e l l and f i x e d much n i t r o g e n .
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OF CHICKPEA RESEARCH IN AUSTRALIA
E. J. Corbin1
INTRODUCTION
A u s t r a l i a n a g r i c u l t u r e has t r a d i t i o n a l l y
been dependent on wheat and o t h e r w i n t e r
grown c e r e a l s f o r its major source of cash
c r o p income. I n r e c e n t y e a r s , t h e average
area sown to these crops has been n i n e
m i l l i o n h e c t a r e s o r 69% o f t h e t o t a l area
under c u l t i v a t i o n (Leeper 1970).
T h i s c e r e a l p r o d u c t i o n occurs i n t h e
temperate zones o f A u s t r a l i a , a p p r o x i m a t e l y
between l a t i t u d e s 27° and 37* s o u t h . The
c l i m a t e o f these zones v a r i e s from t r u e
M e d i t e r r a n e a n i n south-western Western
A u s t r a l i a and South A u s t r a l i a , t o humid
mesothermal c l i m a t e s w i t h a more or l e s s even
r a i n f a l l t h r o u g h o u t t h e y e a r i n V i c t o r i a ,
New South Wales and s o u t h e r n Queensland.
T h e o r e t i c a l l y , a l a r g e p r o p o r t i o n o f t h i s
temperate c r o p p i n g area would s u i t chickpea
p r o d u c t i o n .
I n n o r t h e r n A u s t r a l i a , between l a t i t u d e s
12° and 15°S, chickpea c u l t i v a t i o n may be
p o s s i b l e o n s o i l m o i s t u r e s t o r e d d u r i n g t h e
wet season. To d a t e , o n l y v e r y l i m i t e d areas
of c r o p p i n g of any t y p e has been attempted
t h e r e . I n e a s t e r n A u s t r a l i a between l a t -
i t u d e s 21° and 27 oS, c e r t a i n areas o f e a s t e r n
Queensland may a l s o be s u i t a b l e f o r chickpea
p r o d u c t i o n . These a r e b r o a d l y r e f e r r e d t o a s
t h e b r i g a l o w lands (Wadham e t a l . 1967) and
s u i t a b l e crops and c r o p p i n g s t r a t e g i e s are
a t p r e s e n t being e v a l u a t e d f o r t h i s area
(Anon. 1973).
o v e r p r o d u c t i o n o f wheat, i n r e l a t i o n t o
e x p o r t m a r k e t s , l e d t o t h e i m p o s i t i o n o f
p r o d u c t i o n c o n t r o l s i n 1969. T h i s caused
g r e a t i n t e r e s t i n a l t e r n a t i v e crop p r o d u c t i o n .
P o t e n t i a l l y u s e f u l g r a i n legume crops came
under c o n s i d e r a t i o n f o r two reasons. F i r s t ,
w o r l d demand f o r p r o t e i n i s i n c r e a s i n g i n
r e l a t i o n t o s u p p l y . Second, g r a i n legumes
s a t i s f a c t o r i l y i n o c u l a t e d , can c o n t r i b u t e t o
s o i l n i t r o g e n reserves and can y i e l d s a t i s f a c -
t o r i l y w i t h o u t expensive n i t r o g e n f e r t i l i z e r
i n p u t s o n d e f i c i e n t s o i l s . S o f a r , t h e o n l y
s u c c e s s f u l , w i d e l y adapted g r a i n legume on t h e
A u s t r a l i a n scene has been a l k a l o i d f r e e
v a r i e t i e s o f narrow l e a f e d l u p i n (Lupinus
a n g u s t i f o l i u s ) . These v a r i e t i e s , bred i n
A u s t r a l i a , have been found most s u i t e d t o t h e
m i l d e r , h i g h e r r a i n f a l l areas o f t h e s o u t h e r n
wheat b e l t . The areas i n which t h i s crop
can be grown are l i m i t e d by t h e s u s c e p t i b i l i t y
o f p r e s e n t c u l t i v a r s t o t e m p e r a t u r e o r mois-
t u r e s t r e s s a t f l o w e r i n g (Southwood and S c o t t
1972).
S u r p r i s i n g l y , chickpea which i s r e l -
a t i v e l y t o l e r a n t o f s t r e s s a t f l o w e r i n g t i m e ,
has n o t r e c e i v e d s u f f i c i e n t a t t e n t i o n f r o m
r e s e a r c h e r s o r farmers i n A u s t r a l i a . Research
I n v e s t i g a t i o n s have been r a r e and, p r i o r t o
t h e 1970's, germplasm i n t r o d u c t i o n s were few.
The r i s i n g consumption o f c h i c k p e a , under t h e
name of garbanzo bean, has been met by imports.
EARLY ATTEMPTS
AT CHICKPEA GROWTH
The f i r s t r e f e r e n c e s t o experiments w i t h
chickpea i n A u s t r a l i a are between 1892-1897
(Anon. 1892; V a l d e r 1893, 1896) when t h e crop
was sown in New South Wales. Y i e l d s of up to
1712 kg/ha were r e c o r d e d , and t h e a b i l i t y o f
th e c r o p t o p e r f o r m w e l l under h o t , d r y
c o n d i t i o n s was noted. Work and i n t e r e s t in
chickpea then waned f o r reasons n o t r e c o r d e d .
I t can o n l y b e surmised t h a t a t t a c k s o f
H e l i o t h u s spp. r e p o r t e d 1n these experiments
became more severe. In t h e absence of ready
means o f c o n t r o l , p r o d u c t i o n a t t e m p t s may
have ceased.
Sporadic a t t e m p t s to grow chickpea have
been made over t h e l a s t t h i r t y y e a r s . G r a i n
legume s c r e e n i n g t r i a l s were conducted between
1958 and 1959 at f i v e s i t e s in t h e New South
Wales wheat b e l t (Cameron 1961). Two l i n e s
of chickpea from Greece were t e s t e d , and these
were r e p o r t e d a s b e i n g t o l e r a n t t o f r o s t and
1
 A g r i c u l t u r a l Research I n s t i t u t e , Wagga Wagga, New South Wales, A u s t r a l i a
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d r o u g h t . Both these c h a r a c t e r i s t i c s are o f
v a l u e i n s o u t h e r n A u s t r a l i a , where autumn
sown crops may be s u b j e c t e d b o t h to l a t e
f r o s t s and h o t d r y c o n d i t i o n s d u r i n g matura-
t i o n i n t h e s p r i n g .
F u r t h e r r e s e a r c h was n o t undertaken u n t i l
1971, when a new program commenced at the
Wagga A g r i c u l t u r a l Research I n s t i t u t e .
THE POTENTIAL FOR
CHICKPEA IN AUSTRALIA
A l t h o u g h chickpea p r o d u c t i o n i s n o t y e t
under way, i t i s p o s s i b l e t o make assumptions
about t h e p l a c e o f t h e c r o p i n t h e t y p i c a l r o t a -
t i o n s p r e s e n t l y p r a c t i c e d . I n t h e wheat b e l t ,
t h e common r o t a t i o n c o n s i s t s o f t h r e e t o f i v e
y e a r s o f legume p a s t u r e , u s u a l l y f o l l o w e d b y
a n e x p l o i t a t i v e phase i n v o l v i n g about t h r e e
s u c c e s s i v e autumn-winter sown c e r e a l c r o p s ,
b e f o r e r e t u r n i n g t h e l a n d t o legume p a s t u r e .
G r a i n legume crops such as c h i c k p e a c o u l d be
used t o extend the c r o p p i n g phase. I n those
areas o f s u b t r o p i c a l and t r o p i c a l A u s t r a l i a
where c h i c k p e a may be an economic p r o p o s i t i o n ,
t h e p l a c e o f t h i s crop i n t h e c r o p p i n g r o t a -
t i o n i s y e t t o b e d e t e r m i n e d . O n i r r i g a t e d
areas i n t h e f a r n o r t h i t c o u l d b e sown t o
u t i l i z e t h e s o i l m o i s t u r e f r o m p r e v i o u s l y
i r r i g a t e d c r o p s . I t c o u l d a l s o be sown on
n a t u r a l f l o o d o u t areas a s t h e s o i l d r i e s o u t
a f t e r t h e wet season. This i s t h e c o o l e s t
p a r t o f t h e y e a r i n n o r t h e r n A u s t r a l i a .
Chickpea Geographic Range
I n Table 1 , c l i m a t i c d e t a i l s o f a range
o f r e p r e s e n t a t i v e s i t e s where chickpea e v a l u a -
t i o n i s i n p r o g r e s s a r e g i v e n . Other e v a l u a -
t i o n s i t e s c u r r e n t l y being used f a l l w i t h i n
t h i s range. F i g u r e 1 shows a p p r o x i m a t e l y
zones i n A u s t r a l i a where chickpea p r o d u c t i o n
may be p o s s i b l e .
Future Production Potential
I f v a r i e t i e s o f chickpea c o n s i s t e n t l y
y i e l d i n g between 1800 and 2500 kg/ha under
reasonable c o n d i t i o n s c o u l d b e d e v e l o p e d , t h e
c r o p s h o u l d become p o p u l a r . I t would b e
r e a l i s t i c t o f o r e c a s t t h a t t h e area sown t o
th e c r o p i n A u s t r a l i a would occupy 120,000
h e c t a r e s w i t h i n s i x y e a r s f r o m r e l e a s e
p r o v i d e d , however, t h e demand f o r p r o t e i n
g r a i n s i n c r e a s e s a t i t s p r e s e n t r a t e . Small
p l o t y i e l d s o f 3000 kg/ha have been o b t a i n e d
f r o m autumn sowings, which were h a r v e s t e d in
e a r l y summer. I f t h e s e y i e l d s c o u l d b e
o b t a i n e d c o m m e r c i a l l y , t h e f u t u r e p r o s p e c t s
f o r l a r g e s c a l e p r o d u c t i o n are good.
AGRONOMIC RESEARCH
IN AUSTRALIA
I n A u s t r a l i a , a g r i c u l t u r a l r e s e a r c h i s
u n dertaken w i t h i n each s t a t e b y t h e r e s p e c t i v e
Departments o f A g r i c u l t u r e . I n a d d i t i o n , t h e
Commonwealth S c i e n t i f i c and I n d u s t r i a l
Research O r g a n i z a t i o n (CSIR0) has a wide rang-
i n g commitment t o a g r i c u l t u r a l r e s e a r c h
t h r o u g h o u t t h e c o u n t r y .
Research Sites
C u r r e n t c h i c k p e a r e s e a r c h i n A u s t r a l i a
may be summarized as f o l l o w s :
New South Wales Department of A g r i c u l t u r e
The chickpea r e s e a r c h program i n v o l v e s one
r e s e a r c h agronomist and one p l a n t breeder at
t h e A g r i c u l t u r a l Research I n s t i t u t e , Wagga
Wagga. Screening o f germplasm i s a l s o being
c a r r i e d o u t a t t h e a g r i c u l t u r a l r e s e a r c h
s t a t i o n s a t Condobolin and T r a n g i e . Pathology
r e s e a r c h i n t o r o o t r o t complexes o f chickpea
i s c a r r i e d o u t o n m a t e r i a l f r o m these programs
a t t h e A g r i c u l t u r a l Research C e n t r e , Yanco.
Queensland Department of Primary Indus-
t r i e s . Screening o f c u l t i v a r s t o d e f i n e
s u i t a b l e t y p e s i s b e i n g c a r r i e d o u t a t
r e s e a r c h s t a t i o n s at Warwick and Emerald. Re-
search i n t o v i r u s diseases o f c h i c k p e a i s i n
p r o g r e s s a t t h e P l a n t Pathology Branch,
B r i s b a n e .
I n t h e department o f the N o r t h e r n t e r -
r i t o r y , Animal I n d u s t r y and A g r i c u l t u r e Branch,
e v a l u a t i o n of a small number of l i n e s has
commenced at Berrimah Experiment Farm, near
Darwin.
I n Western A u s t r a l i a n Department o f
A g r i c u l t u r e , s c r e e n i n g of a small number of
w i d e l y c o n t r a s t i n g l i n e s i s being c a r r i e d o u t
at Mt. Barker and Chapman Research S t a t i o n s
and a t L a n c e l i n .
I n South A u s t r a l i a n Department o f
A g r i c u l t u r e , I n i t i a l s c r e e n i n g s have commenced
a t T u r r e t f i e l d Research S t a t i o n .
I n V i c t o r i a n Department o f A g r i c u l t u r e .
Screening o f i n t r o d u c e d c u l t i v a r s i s i n
88
Table 1. Climatic Details of Representative Chickpea Research Sites in Australia
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p r o g r e s s at R u t h e r g l e n and Walpeup Research
S t a t i o n s .
New Chickpea Strains
I n Tasmanian Department o f A g r i c u l t u r e .
A small number of l i n e s are being e v a l u a t e d at
Cressy Research S t a t i o n .
A t t h e U n i v e r s i t y o f A d e l a i d e , Waive
A g r i c u l t u r a l Research I n s t i t u t e , e v a l u a t i o n o f
a l a r g e c o l l e c t i o n o f imported chickpea l i n e s
1s under way. Comparisons are being made w i t h
a number of species of V i c i a , L a t h y r u s , and
Lupinus.
A t t h e U n i v e r s i t y o f Melbourne, School o f
A g r i c u l t u r e . Genotype-environment i n t e r a c t i o n
s t u d i e s o f chickpea m a t e r i a l h e l d i n A u s t r a l i a
are in p r o g r e s s . Temperature and photo-
p e r i o d responses a r e a l s o being s t u d i e d .
I n t h e CSIRO, D i v i s i o n o f T r o p i c a l
Agronomy, Brisbane. E v a l u a t i o n o f l i n e s i s
being c o o r d i n a t e d from t h e Cunningham
L a b o r a t o r i e s , Brisbane. S i t e s i n c l u d e
Kununurre Research S t a t i o n i n n o r t h w e s t e r n
A u s t r a l i a , and Gatton i n Queensland. Photo-
p e r i o d and temperature response s t u d i e s are
being c a r r i e d o u t i n c o l l a b o r a t i o n w i t h the
r e s e a r c h program of t h e New South Wales
Department o f A g r i c u l t u r e .
CSIRO D i v i s i o n o f P l a n t I n d u s t r y ,
Canberra. A thorough e v a l u a t i o n of Rhizobium
s t r a i n s c a r r i e d out i n c o n j u n c t i o n w i t h t h e
New South Wales program, is almost complete.
As y e t , no r e s e a r c h workers are engaged
s o l e l y o n chickpea r e s e a r c h i n A u s t r a l i a .
Workers on t h e crop a r e i n v o l v e d , as a general
r u l e , i n i n v e s t i g a t i n g t h e r o l e o f o t h e r new
crops i n t h e i r r e s p e c t i v e r e g i o n s . F a c i l i t i e s
a v a i l a b l e to these workers are modern and
adequate t o t h e t a s k .
Chickpea Problems in Australia
T h i s p r e v i o u s l a c k o f enthusiasm f o r
chickpea r e s e a r c h can reasonably be a t t r i b u t e d
t o t h r e e f a c t o r s . The c u l t i v a r s i n t r o d u c e d t o
A u s t r a l i a were s h o r t : t h e usual maximum
h e i g h t a t t a i n e d was between 35-60 cms. Since
A u s t r a l i a n a g r i c u l t u r e 1 s w h o l l y mechanized,
these c u l t i v a r s w i t h t h e i r l o w e s t pods c l o s e
t o ground l e v e l were n o t s u i t e d t o l a r g e
c a p a c i t y machine h a r v e s t and f a i l e d t o gen-
e r a t e I n t e r e s t . Second, many o f t h e e a r l i e r
i n t r o d u c t i o n s made slow w i n t e r growth and
competed p o o r l y w i t h weeds. T h i r d , s i n c e
s u i t a b l e s t r a i n s o f Rhizobium were n o t a v a i l -
a b l e , t h e performance o f u n i n o c u l a t e d
c u l t i v a r s was below t h e i r t r u e p o t e n t i a l .
These I n i t i a l o b j e c t i o n s t o chickpea have
now been l a r g e l y overcome by the New South
Wales r e s e a r c h team. A number of e r e c t
c u l t i v a r s f r o m t h e U.S.S.R. b e a r i n g t h e most
pods in t h e 35-80 c m h e i g h t range, grow up to
100 cms t a l l under s o u t h e r n A u s t r a l i a n c o n d i -
t i o n s . The problem of slow w i n t e r growth has
been p a r t i a l l y overcome b y the I d e n t i f i c a t i o n
o f l i n e s which have s u p e r i o r growth r a t e s
under low t e m p e r a t u r e c o n d i t i o n s . Reasonably
cheap s u i t a b l e s e l e c t i v e h e r b i c i d e s have
lessened t h e weed problem. I n v e s t i g a t i o n s
commenced in 1971 ( B r o c k w e l l and G a u l t 1972)
and f u r t h e r s t u d i e s have l e d t o t h e i d e n t i f i -
c a t i o n o f Rhizobium s t r a i n s g i v i n g e x c e l l e n t
f i e l d n o d u l a t i o n .
Phenological Research
Another r e s e a r c h achievement has been a 
t e n t a t i v e I d e n t i f i c a t i o n o f t h e f a c t o r s
g o v e r n i n g p h e n o l o g i c a l development i n some o f
t h e l i n e s h e l d i n A u s t r a l i a . I t appears t h a t
some a r e c r i t i c a l l y p h o t o p e r i o d i c . Others
are i n s e n s i t i v e t o d a y l e n g t h and f l o w e r a f t e r
heat summation r e q u i r e m e n t s are s a t i s f i e d .
There is evidence to suggest t h a t an Interme-
d i a t e t y p e of mechanism may a l s o be o p e r a t i n g
in some groups. The New South Wales germ-
plasm c o l l e c t i o n has been screened f o r
v e r n a l i s a t i o n r e q u i r e m e n t , b u t n o v a r i e t i e s
have been found t h a t have t h i s c h a r a c t e r i s t i c
Such a c h a r a c t e r i s t i c would be u s e f u l in
s e c t i o n s o f t h e s o u t h e r n A u s t r a l i a n e n v i -
ronment, s i n c e it would a l l o w e a r l y autumn
sowings w i t h o u t t h e r i s k o f l a t e w i n t e r
f l o w e r i n g . C o n t r o l o f f l o w e r i n g date may
a l s o be s a t i s f a c t o r i l y achieved i n these same
re g i o n s u s i n g l i n e s w i t h s p e c i f i c photo-
p e r i o d i c r e q u i r e m e n t s . P h o t o p e r i o d i n s e n -
s i t i v e v a r i e t i e s w i l l b e r e q u i r e d f o r n o r t h e r n
A u s t r a l i a . F u r t h e r work o n f a c t o r s a f f e c t i n g
p h e n o l o g i c a l development w i l l be undertaken
i n d e v e l o p i n g s u i t a b l e v a r i e t i e s .
FUTURE RESEARCH
PROGRAMS
Aspects of agronomic r e s e a r c h to be
covered in f u t u r e years i n c l u d e optimum p l a n t
d e n s i t y , p h o s p h a t i c f e r t i l i z e r r e q u i r e m e n t s ,
d e t e r m i n a t i o n o f t h e most s u i t a b l e s o i l t y p e s
and s o i l pH range. Optimum sowing times w i l l
a l s o b e I n v e s t i g a t e d .
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Moisture
The areas s u i t a b l e f o r chickpea c u l t i v a -
t i o n i n A u s t r a l i a are s u b j e c t e d t o v a r y i n g
degrees o f m o i s t u r e s t r e s s , w i t h c o n s i d e r a b l e
v a r i a t i o n s from year t o year. The e f f i c i e n c y
o f m o i s t u r e usage by t h e crop w i l l be i m p o r t -
a n t , and s t u d i e s o n t h i s are t o begin i n 1975.
There i s a s p e c i a l i n t e r e s t i n m o i s t u r e
f o r a g i n g c a p a b i l i t i e s , s i n c e i t has been
r e p o r t e d t h a t chickpea i s a b l e t o draw mois-
t u r e f r o m g r e a t e r depths than c e r e a l s
(van der Maesen 1972).
Xeromorphic Structure
The xeromorphic s t r u c t u r e o f chickpea i s
a l s o o f i n t e r e s t because the p l a n t u s u a l l y
w i l l be s e t t i n g seed under t h e h o t , d r y c o n d i -
t i o n s i n A u s t r a l i a . I t has been observed t h a t
some v a r i e t i e s have a marked tendency t o
o r i e n t t h e i r l e a f l e t s i n a plane p a r a l l e l t o
incoming s u n l i g h t d u r i n g t h e h o t t e s t p e r i o d s
o f t h e day. S t u d i e s w i l l b e undertaken t o
d e t e r m i n e whether such t y p e s have reduced
t r a n s p i r a t i o n r a t e s .
CHICKPEA COLLECTIONS
IN AUSTRALIA
Two main germplasm c o l l e c t i o n s are h e l d
i n A u s t r a l i a . The c o l l e c t i o n i n New South
Wales c o n s i s t s of 260 l i n e s . The main coun-
t r i e s o f o r i g i n a r e I n d i a , E t h i o p i a , U.S.S.R.,
I r a n , A f g h a n i s t a n , P a k i s t a n , Turkey and
I s r a e l . A t t h i s stage i t i s known t h a t t h i s
c o l l e c t i o n c o n t a i n s m a t e r i a l w i t h a reasonable
m a t u r i t y range, w i t h about 5 6 days d i f f e r e n c e
when sown i n autumn a t l a t i t u d e 35°S. A small
number o f l i n e s have good f i e l d r e s i s t a n c e
t o r o o t r o t complexes. There i s a wide v a r i a -
t i o n i n seed shape, t e s t a c o l o r and 100 seed
w e i g h t s . P l a n t h e i g h t and b r a n c h i n g s t r u c t u r e
Is a l s o d i v e r s e . Only two l i n e s have two
f l o w e r s per peduncle, b u t many have two seeds
per pod. D i f f e r e n c e s i n e a r l y growth v i g o r
under c o l d c o n d i t i o n s are q u i t e n o t i c e a b l e .
A second c o l l e c t i o n , l o c a t e d i n South
A u s t r a l i a , c o n s i s t s o f 1000 l i n e s o b t a i n e d
f r o m t h e Ford Foundation p r o j e c t i n Lebanon.
The background o f t h i s c o l l e c t i o n i s n o t known,
b u t i t i s presumed t o b e r e a s o n a b l y r e p r e s e n -
t a t i v e . F u r t h e r i n t e n s i v e a p p r a i s a l o f b o t h
c o l l e c t i o n s needs t o b e c a r r i e d o u t .
I t i s not f e l t t h a t l a r g e numbers o f
a d d i t i o n a l accessions a r e r e q u i r e d . New l i n e s
w i l l b e imported f o r s p e c i f i c purposes, u s i n g
p r i o r i n f o r m a t i o n f r om o t h e r c o u n t r i e s
r e g a r d i n g d i s e a s e r e s i s t a n c e , i n s e c t t o l e r -
ance, h i g h y i e l d o r h i g h p r o t e i n . The r a t e
o f new i n t r o d u c t i o n s i s l i m i t e d b y q u a r a n t i n e
r e g u l a t i o n s . These a r e aimed p r i n c i p a l l y a t
e x c l u d i n g Ascochyta r a b i e i f r o m A u s t r a l i a ,
and r e q u i r e p l a n t s to be grown f o r one genera-
t i o n i n c o n t r o l l e d glasshouses.
CHICKPEA IMPROVEMENT
IN AUSTRALIA
A t t h i s s t a g e , s e l e c t i o n s f r o m t h e
germplasm s t u d i e s have been used 1n t h e i n i -
t i a l stages o f a b r e e d i n g program. T h i s has
produced m a t e r i a l t o t h e F 3 s t a g e , s o i t w i l l
b e a t l e a s t f i v e y e a r s b e f o r e advanced
m a t e r i a l i s a v a i l a b l e f o r l a r g e s c a l e t e s t i n g
a g a i n s t t h e best y i e l d i n g i n t r o d u c t i o n s .
Height-maturity Relationship
As b r e e d i n g proceeds, a number of
problems are b e i n g i n v e s t i g a t e d . The r e l a -
t i o n s h i p between h e i g h t and m a t u r i t y i s
i m p o r t a n t . G e n e r a l l y t h e t a l l e s t l i n e s are
l a t e m a t u r i n g , w h i l e t h e s h o r t e s t l i n e s are
e a r l y m a t u r i n g . S t u d i e s a r e i n p r o g r e s s t o
d e t e r m i n e whether t a l l , e a r l y segregates i n
advanced g e n e r a t i o n s can be recovered from
crosses between s h o r t e a r l y p a r e n t s and t a l l
l a t e p a r e n t s . The former are o f E t h i o p i a n
o r i g i n , and t h e l a t t e r f r o m t h e U.S.S.R.
Testa Color
A s t e s t a c o l o r i s i m p o r t a n t i n d e t e r -
m i n i n g p o t e n t i a l markets f o r c h i c k p e a , t h e
s e g r e g a t i o n o f t e s t a c o l o r i n F 2 p o p u l a t i o n s
i s b e i n g s t u d i e d . Crosses between w h i t e ,
brown, g r e e n , b l a c k and r e d d i s h brown c o l o r e d
seed types have been made. The o b j e c t i v e is
to d e t e r m i n e whether, and w i t h what frequency,
c e r t a i n c o l o r s , p a r t i c u l a r l y w h i t e , can b e
r e c o v e r e d .
Seed Size
The v a r i a t i o n i n seed s i z e f r o m near
homozygous l i n e s o b t a i n e d f r o m crosses
between l a r g e and small seeded p a r e n t s w i l l
b e s t u d i e d u s i n g s i n g l e seed descent. I t i s
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p o s s i b l e t h a t an a p p r e c i a b l e amount o f
n o n a d d i t i v e gene a c t i o n may be i n v o l v e d . In
t h i s c a s e , s e l e c t i o n f o r l a r g e seeded, Kabu l i
t y p e v a r i e t i e s may need to be de layed u n t i l
l a t e r g e n e r a t i o n s i n t h e b r e e d i n g program.
Presumab ly , t h e r e i s a r e l a t i o n s h i p
between seed s i z e and seed number per pod.
There may be an optimum c o m b i n a t i o n of these
two y i e l d components f o r maximum y i e l d
e x p r e s s i o n . A t t e m p t s w i l l be made to d e t e r -
mine whe the r t h i s opt imum c o m b i n a t i o n e x i s t s ,
i n i t i a l l y u s i n g F 6 f a m i l i e s .
DISEASES AND INSECT PESTS
Under m o i s t c o n d i t i o n s , B o t r y t i s c i n e r e a
has caused a l a r g e pe rcen tage o f m o r t a l i t y ,
b u t t h e r e appears to be a range o f t o l e r a n c e
t o t h e pathogen w i t h i n the germplasm h e l d .
S c e l e r o t i n i a s c l e r o t i o r u m and S . m inor a l s o
have been r e c o r d e d .
The o n l y i n s e c t pes t s r e d u c i n g y i e l d a r e
H e l i o t h u s a rm ige ra and H e l i o t h u s p u n c t i g e r a .
These a t t a c k t h e d e v e l o p i n g pod. I n s e c t i c i d e s
g i v e good c o n t r o l , b u t t h e l ong te rm aim i s t o
breed v a r i e t i e s wh ich a r e t o l e r a n t t o a t t a c k .
Reference t o t h e p o s s i b l e e x i s t e n c e o f such
types has been made (van de r Maesen 1972 ) .
D iseases and i n s e c t pes t s wh ich may l i m i t
y i e l d i n A u s t r a l i a s t i l l need t o b e f u l l y eva l -
u a t e d . Root r o t d i seases a r e caus ing reduc -
t i o n 1n p l a n t d e n s i t y . The o v e r a l l appearance
o f d i seased sowings i s poo r . P a t h o l o g i c a l
i n v e s t i g a t i o n s a r e w e l l under way. Species o f
R h i z o c t o n i a , Py th ium and Fusar ium have been
i s o l a t e d and i d e n t i f i c a t i o n s t u d i e s a re
p r o c e e d i n g . I n the s h o r t t e r m , f u n g i c i d a l
seed d r e s s i n g s a re b e i n g e v a l u a t e d , bu t t h e
l o n g e r t e rm approach i s t o breed l e s s suscep-
t i b l e v a r i e t i e s .
L e t t u c e n e c r o t i c y e l l o w s v i r u s has appear-
ed on e x p e r i m e n t a l sowings in n o r t h e r n New
South Wales and s o u t h e r n Queensland. The
d i s e a s e c o u l d become s e r i o u s , as weeds common
i n t hose a reas are a l t e r n a t e hos t s f o r t h e
v i r u s .
CHICKPEA QUALITY
The p r o d u c t i o n o f ch i ckpea h i g h i n p r o -
t e i n i s a n i m p o r t a n t o b j e c t i v e o f t h e
A u s t r a l i a n p rogram. Ana lyses o f g r a i n f rom
t h e 1973 sowings gave an average p r o t e i n l e v e l
of 26%. The h i g h e s t v a l u e r eco rded was 30%. 
I n subsequent s o w i n g s , t h e p r o t e i n l e v e l o f
a l l l i n e s w i l l be d e t e r m i n e d when grown under
u n i f o r m c o n d i t i o n s . Ana lyses o f amino a c i d s
w i l l be c a r r i e d o u t , 1n an endeavor t o i d e n -
t i f y l i n e s h i g h i n t h e s u l p h u r c o n t a i n i n g
amino a c i d s . B i o l o g i c a l assays u s i n g l a b o r a -
t o r y r a t s w i l l b e c a r r i e d o u t o n m a t e r i a l
grown d u r i n g t h e 1974 season . The end r e s u l t
o f a l l t he r e s e a r c h o u t l i n e d above shou ld be
the commercia l r e l e a s e o f adapted A u s t r a l i a n
ch ickpea c u l t i v a r s i n t h e 1 9 8 0 ' s .
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DISCUSSION
Which s e l e c t i v e h e r b i c i d e s have been found e f f e c t i v e by you?
Simaz ine has been found cheap and e f f e c t i v e . T r i f l u r a l i n has been
found t o a f f e c t n o d u l a t i o n . S imazine had t h e added advantage t h a t
i t i s o u t o f p a t e n t and t h e r e f o r e cheap.
What a r e t h e y i e l d s o f Chickpea i n A u s t r a l i a ?
The bes t y i e l d s have been o b t a i n e d f rom I n d i a n c u l t i v a r s a t l e v e l s
up to 2400 k g / h a . Among t h e bes t c u l t i v a r s were C235 and 6543.
U n f o r t u n a t e l y t h e y were s h o r t and were n o t s u i t a b l e f o r mechanica l
h a r v e s t i n g , and , t h e r e f o r e , o f l i m i t e d use i n A u s t r a l i a n c o n d i t i o n s .
I s any mechanica l comb in ing o f Chickpea done in A u s t r a l i a ?
A commerc ia l t y p e combine has been used w i t h s u c c e s s . A Massey
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I n which p a r t o f A u s t r a l i a is t h e major t h r u s t on C i c e r b e i n g made?
Was i t i n s o u t h A u s t r a l i a ?
Besides t h e l a r g e e f f o r t i n s o u t h e r n A u s t r a l i a major work i s b e i n g
c a r r i e d o u t i n Queensland, and t h e N o r t h e r n T e r r i t o r y . These n o r t h e r n
areas a r e a l o n g way f r o m m a r k e t s , and t r a d e o u t l e t s would p r o b a b l y
have t o b e found t o t h e n o r t h o f A u s t r a l i a . I n southern Queensland
small p l o t s have g i v e n 2400 - 2600 kg/ha. I f e e l sure t h a t in t h e s e
areas o v e r 3000 kg/ha c o u l d be a c h i e v e d .
What i s t h e mechanism o f t h e e f f e c t o f Simazine? The e x p e r i e n c e in 
I n d i a was t h a t f i e l d peas among t h e legumes, were ve r y s u s c e p t i b l e .
I agree t h a t f i e l d peas a r e v e r y s u s c e p t i b l e . The r e s i d u a l e f f e c t o f
these h e r b i c i d e s was s o o f t e n dependent o n s o i l t y p e . I n t h i s
i n s t a n c e t h e s o i l s were heavy loams and c l a y s and t h e h e r b i c i d e
caused no problems. On sandy s o i l s t h e s i t u a t i o n c o u l d w e l l be
d i f f e r e n t .
I t i s v e r y i n t e r e s t i n g t o l e a r n t h a t i n A u s t r a l i a chickpea t e s t e d
had h i g h p r o t e i n — 26-30%. I n I n d i a i t i s c o n s i d e r a b l y l o w e r .
T h i s c o u l d b e due t o more e f f e c t i v e r h i z o b i u m a c t i v i t y — b u t t h e d r y
f i n i s h i n g c o n d i t i o n s c o u l d a l s o be a f a c t o r . There was of course
range o f v a r i a b i l i t y i n p r o t e i n c o n t e n t depending o n c u l t i v a r .
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STATUS OF CHICKPEA PRODUCTION
AND RESEARCH IN ETHIOPIA
T. Bezuneh1
Chickpwa is one of t h e most i m p o r t a n t
p u l s e crops c u l t i v a t e d i n v a r i o u s p a r t s o f
E t h i o p i a . I t occupies about 300,000 h a o f
l a n d o r a p p r o x i m a t e l y 30% o f t h e t o t a l produc-
t i o n area devoted t o p u l s e s . Over 95% o f the
chickpea p r o d u c t i o n i n E t h i o p i a i s consumed
l o c a l l y . The seed i s m a i n l y used f o r human
f o o d . I n t h e c e n t r a l h i g h l a n d s and n o r t h e r n
E t h i o p i a , i t i s t r a d i t i o n a l l y grown i n r o t a -
t i o n w i t h c e r e a l s .
D u r i n g the l a s t decade l i m i t e d r e s e a r c h ,
m a i n l y at D e b r e - Z e i t , has been conducted to
develop new v a r i e t i e s of chickpea. A n a t i o n a l
c o o r d i n a t e d chickpea r e s e a r c h program was
s t a r t e d i n 1972. T h i s paper reviews the
s t a t u s o f chickpea p r o d u c t i o n and r e s e a r c h i n




E t h i o p i a l i e s between 3°N and 18°N l a t i -
t u d e s . A l t i t u d e o r t o p o g r a p h i c f e a t u r e s p l a y
a major r o l e in t h e amount of p r e c i p i t a t i o n
r e c e i v e d and t e m p e r a t u r e c o n d i t i o n s . Chickpea
1s c u l t i v a t e d to a l a r g e e x t e n t between 1400
to 2300 meters above sea l e v e l . In the
c e n t r a l h i g h l a n d s and n o r t h e r n E t h i o p i a where
chickpea 1s one of t h e major pulse crops t h e
amount o f r a i n f a l l v a r i e s from 700-2000mm.
I n most r e g i o n s t h e r e are two r a i n f a l l peaks.
The "small r a i n s " u s u a l l y occur from February
t o A p r i l . The " b i g " r a i n y season occurs f r o m
June t o p a r t o f September. Over 70% o f t h e
t o t a l p r e c i p i t a t i o n 1 s r e c e i v e d d u r i n g June t o
t h e end of August. Chickpea 1s grown under
moderate temperatures of 16°-22°C between
September and February.
D e b r e - Z e i t A g r i c u l t u r a l Experiment S t a t i o n , D e b r e - Z e i t , E t h i o p i a
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Soils
Chickpea i s grown o n b l a c k l a n d v e r t i s o l
s o i l s t h a t are t y p i c a l l y c l a y 1 n t e x t u r e . The
average c l a y c o n t e n t o f these s o i l s 1 s about
50%. A c c o r d i n g to Murphy ( 1 9 6 3 ) , t h e dark
c o l o r o f t h e s o i l i s due t o i t s h u m i f i c a t i o n
and c o n t e n t s of p a r e n t m a t e r i a l . The pH of
these s o i l s ranges f r o m 6.4 to 7.9. The
o r g a n i c c o n t e n t o f t h e b l a c k l a n d s o i l s i s
from 2% to 3% and t h e phosphorus c o n t e n t in
most areas averages about 0.06%. S w e l l i n g and
c r a c k i n g 1s a common p h y s i c a l c h a r a c t e r i s t i c
o f these s o i l s .
Distribution
The area p l a n t e d t o chickpea i s appar-
e n t l y q u i t e s t a b l e . During t h e past decade
the I n c r e a s e has been l i m i t e d to 20,000 ha in
the c e n t r a l h i g h l a n d and n o r t h e r n E t h i o p i a
( F i g u r e 1). Cnickpea is grown as t h e major
r o t a t i o n crop f o l l o w i n g c e r e a l s such a s t e f
( E r a g r o s t i s t e f ) wheat, and neug ( G u z o t i a
a b y s s i n i c a ) . Table 1 p r e s e n t s r e c e n t t r e n d s
i n p l a n t i n g s and p r o d u c t i o n o f chickpeas and
o t h e r p u l s e s .
Local Consumption
A r e l a t i v e l y small p o r t i o n o f the t o t a l
p r o d u c t i o n o f chickpea i s e x p o r t e d . Chickpea
e x p o r t c o n s t i t u t e d about 14% o f t o t a l p u l s e
e x p o r t s in 1967 and 1968, and a p p r o x i m a t e l y
8% d u r i n g 1969 and 1971 ( T a b l e 2 ) . In 1970,
the e x p o r t of chickpea was o n l y 3% of t h e
t o t a l p u l s e crops e x p o r t e d . Most o f t h e
chickpea produced 1s s o l d at t h e l o c a l market.
Figure 1. Geographical Distribution of Chickpea Cultivation in Ethiopia
SOURCE: Final Report on Crop Condit ion Survey for 1972-73, Planning and Programming U n i t
Ministry of Agr icu l ture , Eth iopia.
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PRIMARY A R E A S OF CHICKPEA P R O D U C T I O N
SECONDARY AREAS OF CHICKPEA PRODUCTION
Table 1. Pulse Crop Production in Ethiopia
Chickpea
F i e l d pea
Horsebean
L e n t i l
Beans




















































Source : S t a t i s t i c a l a b s t r a c t s 1973, p u b l i s h e d b y C e n t r a l S t a t i s t i c s O f f i c e , E t h i o p i a .
Table 2. Structure of Pulses in Export Economy
Pulses
L e n t i l s
D r i e d Peas
Horse Beans
H a r i c o t Beans
Chickpeas
Mixed Peas






















































































c h i c k p e a g r o w i n g a reas in E t h i o p i a and s y s t e m -
a t i c c h a r a c t e r i z a t i o n and e v a l u a t i o n i s a 
h i g h p r i o r i t y f o r f u t u r e c h i c k p e a improvement .
The c h i c k p e a improvement r e s e a r c h program
i n E t h i o p i a i s a t a n i n f a n t s t a g e even though
t h i s c r o p has been c u l t i v a t e d i n E t h i o p i a f o r
c e n t u r i e s . The ma jo r r e s e a r c h work on
c h i c k p e a has been c a r r i e d o u t a t Debre -Ze1 t
A g r i c u l t u r a l Exper iment S t a t i o n f o r t h e l a s t
e i g h t y e a r s . A c o o r d i n a t e d n a t i o n a l r e s e a r c h
program on ch i ckpea was l aunched in t h e 1972
c r o p season .
Chickpea National Yield Trial
S i n c e 1972 , o u t s t a n d i n g l o c a l c u l t i v a r s
and some e x o t i c v a r i e t i e s o f c h i c k p e a were
i n c l u d e d i n t h e n a t i o n a l y i e l d t r i a l t o b e
e v a l u a t e d under d i f f e r e n t e c o l o g i c a l c o n d i -
t i o n s i n E t h i o p i a . The D e b r e - Z e i t A g r i c u l -
t u r a l r e s e a r c h s t a t i o n has ma jo r r e s p o n s i b i l -
i t y f o r c o o r d i n a t i n g t h i s p rog ram. D u r i n g
t h e 1973 c r o p s e a s o n , 14 v a r i e t i e s were
i n c l u d e d i n t h e N a t i o n a l Y i e l d T r i a l p rogram
and t h e i r mean y i e l d s a t e i g h t l o c a t i o n s were





The c o l l e c t i o n and e v a l u a t i o n o f i n d i g -
enous g e n e t i c m a t e r i a l has been i n i t i a t e d .
L i m i t a t i o n s i n s t a f f and f i n a n c i a l s u p p o r t
have s o f a r r e s t r i c t e d c o l l e c t i o n s t o t h e
immed ia te v i c i n i t i e s o f e s t a b l i s h e d e x p e r i m e n t
s t a t i o n s . However even t h e s e e f f o r t s appear
t o have been f r u i t f u l . The two h i g h e s t
y i e l d i n g v a r i e t i e s i n pas t n a t i o n a l y i e l d
t r i a l s were s e l e c t i o n s f r o m m a t e r i a l c o l l e c t e d
f r o m t h e D e b r e - Z e i t a rea and e v a l u a t e d a t t h e
D e b r e - Z e i t Expe r imen t S t a t i o n . A n e x t e n s i v e
c o l l e c t i o n o f g e n e t i c m a t e r i a l f r o m a l l
S o u r c e : D e b r e - Z e i t A g r i c u l t u r a l Expe r imen t
S t a t i o n Annual Repor t 1 9 7 2 - 7 3 .
CHICKPEA REGIONAL AND
NATIONAL NURSERY PROGRAM
Cont inuous r e s e a r c h e f f o r t i s b e i n g
e x e r t e d t o e v a l u a t e s e v e r a l hundred c h i c k p e a
l i n e s o r v a r i e t i e s f o r y i e l d , d i s e a s e r e s i s -
t a n c e and q u a l i t y , w i t h s p e c i a l emphasis f o r
t h e e x p o r t m a r k e t . The p r i m a r y germplasm
c h i c k p e a m a t e r i a l used i n t h e s c r e e n i n g n u r -
s e r y i s f r o m l o c a l and i n t e r n a t i o n a l s o u r c e s .
T h i s y e a r t h e c h i c k p e a n u r s e r y o b s e r v a t i o n t r i a l s
I n c l u d e d v a r i e t i e s o r l i n e s r e c e i v e d f r o m :
ALAD—1020 l i n e s
I n t e r n a t i o n a l B i o l o g i c a l a d a p t a t i o n t r i a l ,
86 l i n e s
ICRISAT—24 w i l t r e s i s t a n t l i n e s
Loca l c o l l e c t i o n s , 3 3 l i n e s
S e l e c t i o n s f r o m c r o s s e s .
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Research Organization
S i m i l a r t o o t h e r major crop r e s e a r c h
programs, t h e improvement o f chickpea i s
c o o r d i n a t e d t h r o u g h t h e N a t i o n a l Crop Improve-
ment Committee ( F i g u r e 2 ) . The major coopera-
t i n g s t a t i o n s where t h e n a t i o n a l y i e l d t r i a l
was conducted d u r i n g 1973-74 crop season were:
S t a t e
L o c a t i o n
D e b r e - Z e i t
A rba -M inch





Dembere K e l l a










L o c a t i o n
C e n t r a l E t h i o p i a
Sou the rn E t h i o p i a
Sou the rn E t h i o p i a
Sou the rn E t h i o p i a
Western E t h i o p i a
South C e n t r a l
E t h i o p i a
N o r t h e r n E t h i o p i a
V a r i e t y
Awassa Wh i te
CAD-54














Y i e l d i n Kg /ha .
















P r o m i s i n g l i n e s o r v a r i e t i e s a r e promoted
eve ry y e a r and i n c l u d e d i n t h e N a t i o n a l Y i e l d
T r i a l program f o r f u r t h e r e v a l u a t i o n p a r t i c -
u l a r l y f o r y i e l d and r o o t r o t r e s i s t a n c e i n
d i f f e r e n t r e g i o n s o f E t h i o p i a .
Screening of Chickpea Strains
for Root Rot Resistance
Root r o t i n f l i c t s neavy damage on ch ickpea
s tands i n t h e f i e l d a t v a r i o u s s tages o f
g r o w t h . Reduc t i on o f y i e l d under f i e l d c o n d i -
t i o n s i s r e p o r t e d to approach 50%. There has
been l i t t l e r e s e a r c h o n c o n t r o l l i n g ch i ckpea
d i seases and pes t s because o f t h e l a c k o f
t r a i n e d pe rsonne l i n t h i s f i e l d . P a t h o l o g i c a l
i n v e s t i g a t i o n s made t h u s f a r , p a r t i c u l a r l y o n
w i l t d i s e a s e s , seem t o i n d i c a t e t h a t t h e r e i s
some r e l a t i o n s h i p between seedcoa t c o l o r ,
p l a n t s u r v i v a l and y i e l d . The dark c o l o r e d
s t r a i n s seem t o b e r e l a t i v e l y more t o l e r a n t
t h a n l i g h t e r seed c o a t e d c h i c k p e a s t r a i n s .
Cultural Practice Studies
P l a n t p o p u l a t i o n and da te o f p l a n t i n g a r e
a l s o b e i n g s t u d i e d . Date o f p l a n t i n g seems t o
have a d e f i n i t e i n f l u e n c e o n y i e l d . E a r l y
p l a n t i n g gave r e l a t i v e l y h i g h y i e l d w i t h a l l
s i x l o c a l v a r i e t i e s s t u d i e d ( T a b l e 3 ) . The
maximum y i e l d o b t a i n e d w i t h DZ-10-1 under
f a v o r a b l e c l i m a t i c c o n d i t i o n s compares w i t h
t h e o r e t i c a l opt imum y i e l d 4800 Kg/ha a s c a l -
c u l a t e d by van der Maesen ( 1 9 7 2 ) .
SIGNIFICANT RESULTS
The r o o t r o t w i l t complex i s t h e most
s e r i o u s d i sease o f ch i ckpeas i n E t h i o p i a and
i s perhaps t h e ma jo r l i m i t a t i o n t o h i g h e r
y i e l d s . Very r e c e n t l a b o r a t o r y and greenhouse
s t u d i e s i n d i c a t e t h a t a t l e a s t s i x d i f f e r e n t
p a t h o g e n i c o rgan isms a r e i n v o l v e d . Pathogens
i d e n t i f i e d t o d a t e a r e R h i z o c t o n i a s p p . ,
S c l e r o t i u n i s p p . , two s p e c i e s o f Fusa r ium and
MacrophomTna s p p .
Selection of Cultivars
The s e l e c t i o n o f h i g h y i e l d i n g c u l t i v a r s
such as D Z - 1 0 - 1 , DZ-10-2 and DZ-10-11 1s a 
s i g n i f i c a n t r e s e a r c h o u t p u t . A r e c o r d y i e l d
was ach ieved when some l o c a l c u l t i v a r s were
p l a n t e d a t d i f f e r e n t da tes ( T a b l e 3 ) . A 
t h e o r e t i c a l opt imum y i e l d o f 4820 Kg/ha as
c a l c u l a t e d by van d e r Maesen(1972) was
a c h i e v e d . Under E t h i o p i a n c l i m a t i c c o n d i t i o n s
the b l a c k seed coa ted l o c a l c u l t i v a r s have
shown b e t t e r t o l e r a n c e t o t h e r o o t r o t diseases
complex t h a n e x o t i c v a r i e t i e s . However , t h e
dark seed c o l o r i s g e n e r a l l y n o t s u i t e d f o r
e x p o r t marke ts wh ich l i m i t s t h e p o t e n t i a l .
Table 3. Seed Yield of Six Chickpea Varieties Planted
at Three Dates at Debre-Zeit











Date P l a n t e d
































D e b r e - Z e i t A g r i c u l t u r a l Exper imen t
S t a t i o n Annual Repor t 1972-73 .
SUMMARY
O u t s i d e t h e I n d i a n s u b c o n t i n e n t , E t h i o p i a
i s one o f t h e ma jo r ch i ckpea p r o d u c i n g coun -
t r i e s . D i v e r s e t y p e s o f c h i c k p e a a r e grown
i n d i f f e r e n t p a r t s o f t h e c o u n t r y . C o l l e c t i o n
and e v a l u a t i o n o f d i f f e r e n t t y p e s o f ch i ckpea
w i l l b e one o f t h e ma jo r r e s e a r c h under -
t a k i n g s i n o r d e r t o b roaden t h e g e n e t i c
v a r i a b i l i t y o f ch i ckpea b o t h f o r l o c a l and
I n t e r n a t i o n a l c h i c k p e a improvement p rog rams .
S ince E t h i o p i a i s a d m i r a b l y l o c a t e d t o
e x p o r t c h i c k p e a t o n e i g h b o r i n g c o u n t r i e s ,
f u t u r e r e s e a r c h emphasis wou ld be d e v e l o p i n g
d e s i r e d v a r i e t i e s o r l i n e s f o r t h e e x p o r t
m a r k e t . The m a j o r areas o f r e s e a r c h emphasis
o n c h i c k p e a w o u l d b e :
1 ) d e v e l o p v a r i e t i e s t h a t a re r e s i s t a n t
t o r o o t r o t and w i l t d i s e a s e s .
2 ) e n l a r g e t h e c h i c k p e a germplasm c o l l e c -
t i o n b y l a u n c h i n g s y s t e m a t i c c o l l e c -
t i o n , c l a s s i f i c a t i o n and e v a l u a t i o n
program in E t h i o p i a .
3 ) s t r e n g t h e n t h e b r e e d i n g program on
c h i c k p e a i n o r d e r t o f a c i l i t a t e t h e
deve lopment o f h i g h y i e l d i n g v a r i e -
t i e s .
TOO
K.B. S i n g h :
T. Bezuneh:
A .K . A u c k l a n d :
T. Bezuneh:
Y . L . Nene:
T . Be iuneh :





I am i n t e r e s t e d in the seed s i z e and c o l o r p r e f e r e n c e s and marke t -
a b i l i t y o f d i f f e r e n t c u l t i v a r s i n E t h i o p i a .
Cream t o w h i t e c o l o r i s p r e f e r r e d f o r t h e l o c a l and e x p o r t marke ts
t o g e t h e r w i t h a l a r g e seed s i z e . However, f o r consumpt ion on the
homestead t h e r e appears to be no d e f i n i t e p r e f e r e n c e .
I want to know how ICRISAT c o u l d c o o p e r a t e b e s t w i t h t h e e s t a b l i s h e d
E t h i o p i a n program. I have no ted t h e h i g h e r y i e l d i n g l o c a l v a r i e t i e s
r e f e r r e d to and wonder whether we c o u l d p o s s i b l y i n t r o d u c e some of
these v a r i e t i e s , c ross them t o e x o t i c germplasm, and r e t u r n r e s u l t i n g
p rogen ies f o r t e s t .
We a re p repared to c o l l a b o r a t e .
I am not conv inced about t h e s u i t a b i l i t y o f c r i t e r i a adop ted f o r
assess ing t o l e r a n c e to pa thogens , s i n c e 50% l o s s has been reco rded
in many l i n e s . How h i g h was t h e pe rcen tage l o s s in l o c a l t ypes?
The s tudy was a l i m i t e d one , bu t l o c a l t ypes o f t e n showed 70 *
s u r v i v a l .
What was the r e l a t i v e impor tance o f t h e v a r i o u s pathogens?
Mo s y s t e m a t i c survey was done b u t t h e most i m p o r t a n t ones were
R h i z o c t o n i a and S c l e r o t i u m , two spec ies o f Fusar ium and M i c r o p h o n i a .
I am I n t r i g u e d by t h e marked d i f f e r e n c e s In y i e l d . How c o u l d you
e x p l a i n such l a r g e d i f f e r e n c e s ?
The v a r i e t y t r i a l s were run a t a l a r g e number o f s i t e s where t h e
g row ing c o n d i t i o n s were ve ry d i f f e r e n t . But even in t hese up to 30
q u i n t a l s per ha y i e l d s were o b t a i n e d . The sowing da te t r i a l s were
conducted i n c l o s e l y s u p e r v i s e d c o n d i t i o n s a t a l i m i t e d number o f
s i t e s .
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THE STATUS OF CHICKPEAS
(CICER ARIETINUM) IN IRAN
J. Jaffari1
INTRODUCTION TYPES OF CHICKPEA
I N I R A NGrain legumes are ranked f i f t h i n I r a n
a f t e r wheat, b a r l e y , r i c e and c o t t o n i n area
under c u l t i v a t i o n . C u l t i v a t e d legumes i n I r a n
are chickpeas, beans,mung beans, l e n t i l s ,
broad beans and cowpeas. A c c o r d i n g to the
1973 s t a t i s t i c s o f Plan O r g a n i z a t i o n o f I r a n ,
the t o t a l area under legume c u l t i v a t i o n i s
more than 200,000 h e c t a r e s , of which chickpeas
are 60%, beans are 15%, and o t h e r legumes, 25%.
Grain legumes a r e ranked second a f t e r
wheat f o r n u t r i t i o n w i t h a n average o f seven
g of consumption per c a p i t a .
Grain legumes have been c u l t i v a t e d in
I r a n s i n c e the t h i r t e e n t h c e n t u r y , when they
were grown s p a r s e l y i n d i f f e r e n t p a r t s o f the
c o u n t r y . The program f o r e x t e n s i o n of legumes
and t h e i r b r e e d i n g was s t a r t e d by Department
o f A g r i c u l t u r e .
I n 1964, a j o i n t p r o j e c t f o r pulses was
s t a r t e d i n c o o p e r a t i o n w i t h t h e USDA, the
Department o f A g r i c u l t u r e , and U n i v e r s i t y o f
Tehran College o f A g r i c u l t u r e i n K a r a j . Since
most of the experiments on pulse has been
c a r r i e d out i n K a r a j , a d e s c r i p t i o n o f the
r e g i o n f o l l o w s .
KARAJ CLIMATIC CONDITION
Karaj is l o c a t e d about 45 k i l o m e t e r s west
o f Tehran a t t h e base o f A l b o r z mountain
range, at a l a t i t u d e of about 36N degrees, and
l o n g i t u d e of about 51 E degrees. The a l t i t u d e
is about 4000 f e e t above sea l e v e l . Average
annual p r e c i p i t a t i o n i s around 250 m i l l i m e t e r s
i n the form o f r a i n 1 n l a t e f a l l and e a r l y
s p r i n g , and snow between December and February.
The summer weather i s c h a r a c t e r i s t i c a l l y hot
and d r y , w i t h l i t t l e p r e c i p i t a t i o n between May
and October. Karaj has a f r o s t f r e e season of
about seven months.
Chickpeas ( C i c e r a r i e t i n u m L.) are of
c o n s i d e r a b l e importance i n a l l c o u n t r i e s o f
the Near East and South A s i a . There are t h r e e
main types based on c h a r a c t e r i s t i c s and end
use of the seed. The r a t h e r a n g u l a r and p o i n t -
ed shape of chickpea and seed was t h e source
o f the species d e s i g n a t i o n " a r i e t i n u m , " which
means " s i m i l a r t o a ram's head". The t h r e e
main types are as f o l l o w s :
The f i r s t c l a s s o f chickpeas i s l a r g e
seeded (about 25-35 grams per 100 seeds). The
seed i s w h i t e t o cream c o l o r e d , and i t i s used
almost e x c l u s i v e l y f o r cooking as a v e g e t a b l e
and w i t h r i c e . The second t y p e has a s m a l l e r
seed (15-25 grams per 100 seeds) which is a l s o
from w h i t e t o cream i n c o l o r . I t i s used
p r i m a r i l y f o r r o a s t i n g and e a t i n g i n the hand,
as Americans eat popcorn. The most common
chickpea type grown in P a k i s t a n and I n d i a has
t h i s seed s i z e , but i s u s u a l l y d a r k e r i n
c o l o r . The t h i r d t y p e is a very small seeded
type (8-12 grams per 100 seeds). The seed has
a reddish-brown or b l a c k seed coat which is
n o r m a l l y removed. The y e l l o w green s p l i t seed
is then used as a v e g e t a b l e . In I r a n , the
b l a c k seeded v a r i e t i e s o f t h i s t y p e are nor-
m a l l y used. The reddish-brown type which is
very common i n P a k i s t a n and I n d i a , i s o n l y
used t o a l i m i t e d e x t e n t i n t h e e a s t e r n
s e c t i o n s o f I r a n .
Characteristics
There is very l i t t l e d i f f e r e n c e i n veg-
e t a t i v e c h a r a c t e r i s t i c s o f these t h r e e t y p e s .
1
 U n i v e r s i t y o f Tehran, K a r a j , I r a n
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I n g e n e r a l , p l a n t s o f t h e l a r g e seeded t y p e s
a re somewhat l a r g e r . There a r e i n d i c a t i o n s
t h a t t h e r e i s g r e a t e r r e s i s t a n c e t o such
d i s e a s e s as Peronospora ( m i l d e w ) and Fusar ium
( w i l t ) i n t h e s m a l l e r c o l o r e d seeded t y p e s .
CHICKPEA RESEARCH
In o u r r e s e a r c h work we were n o t o n l y
t r y i n g t o r a i s e ch i ckpea t o t h e l e v e l o f
i n t e r n a t i o n a l s t a n d a r d s , b u t a l s o t o make
f u r t h e r p r o g r e s s i n ou r c o u n t r y . I n t h e l a s t
t e n y e a r s t h e p u l s e p r o j e c t has i n i t i a t e d
r e s e a r c h s t u d i e s i n t h e b r e e d i n g , p a t h o l o g y ,
pes t c o n t r o l , i r r i g a t i o n and use o f f e r t i l i z -
e r s i n p u l s e c r o p s .
Breeding
Here is a summary o f ou r b r e e d i n g work in
t h e l a s t n i n e y e a r s . I n 1965, o b s e r v a t i o n
n u r s e r i e s c o n s i s t i n g o f s i n g l e row , non -
r e p l i c a t e d p l o t s were p l a n t e d i n K a r a j ( T a b l e
1 ) .
A l l m a t e r i a l s p l a n t e d i n 1964 were
i n c l u d e d 1n 1965 f o r f u r t h e r o b s e r v a t i o n s and
s c r e e n i n g . I n a d d i t i o n , t h e 1965 n u r s e r i e s
c o n t a i n e d new i n t r o d u c t i o n s made t h r o u g h t h e
New Crop Research B r a n c h , USDA, ARS, t h r o u g h
FAO and d i r e c t l y f r om Turkey and P a k i s t a n .
From t h e 1964 p l a n t i n g , a number o f s t r a i n s
w i t h d e s i r a b l e c h a r a c t e r i s t i c s were chosen f o r
i n c l u s i o n i n a number o f r e p l i c a t e d y i e l d
t r i a l s . These y i e l d t r i a l s were p l a n t e d i n
K a r a j and 10 more s t a t i o n s .
Work in 1965 was c o n c e n t r a t e d on s i x
c r o p s : Ch ickpeas ( C i c e r a r i e t i n u m ) , Cowpeas
(V igna s i n e n s i s ) , beans (Phaseolus" y u l g a r e s ) ,
mungbeans (Phaseo lus a u r e u s ) , L e n t i l s ( l e n s
e s c u l e n t a ) , and broad beans ( V i c i a faba ) .
Table 1.
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I n 1966, c o l l e c t i o n s were e s t a b l i s h e d i n
b o t h I r a n and I n d i a . These m a t e r i a l s were
c o l l e c t e d f r om a w ide v a r i e t y o f s o u r c e s ,
i n c l u d i n g USDA, FAO, and i n d i v i d u a l c o u n t r i e s .
A u n i f o r m system was deve loped f o r c a t a l o g u i n g
t h i s m a t e r i a l . Some p r o j e c t p r o p o s a l s were
s u b m i t t e d f o r c o l l e c t i n g , c l a s s i f y i n g , and
c a t a l o g u i n g t h e s e c o l l e c t i o n s .
Varietal Improvement
Dur ing 1966, v a r i e t a l improvement work
c o n s i s t e d o f t h r e e u n d e r t a k i n g s : i ) e v a l u a t i o n
o f i nd i genous and e x o t i c germplasm; 2 ) p r e l i m -
i n a r y t r i a l s f o r y i e l d and o t h e r c h a r a c t e r - :
i s t i c s o f s t r a i n s sc reened i n 1964; and 3 )
t e s t i n g o f p r o m i s i n g m a t e r i a l s i n advanced
y i e l d t e s t s
S ince f i n a l use o f b l a c k and w h i t e c h i c k -
peas d i f f e r , and p l a n t t y p e i s somewhat
d i f f e r e n t , t h e n u r s e r y and y i e l d t r i a l s were
d i v i d e d i n t o b l a c k and w h i t e t ypes o n t h e
b a s i s o f seed and p l a n t c h a r a c t e r i s t i c s .
CHICKPEA RECOMMENDATIONS
In 1967 two v a r i e t i e s o f ch i ckpeas were
recommended w i t h t h e f o l l o w i n g d a t a :
B lack c h i c k p e a ( P y r o u z e ) :
RPIP Access ion No. 12-071-05436 t e s t e d as
s t r a i n no . 416 M.
O r i g i n : G a r y e h g o l e , Khorasan p r o v i n c e .
V a r i e t y c h a r a c t e r i s t i c s
Length o f g r o w i n g p e r i o d : 119 days
Disease r a t i n g : r e l a t i v e l y good.
G r a i n y i e l d ( e x p e r i m e n t a l c o n d i t i o n ) :
2100 kg /ha
1000 seeds w e i g h t : 140 gm.
P l a n t h e i g h t : 26 cm.
Seed shape: s l i g h t l y e l o n g a t e d , w r i n k l e d .
Seed c o a t c o l o r : b r o w n i s h .
Cook ing t i m e : 28 m i n u t e s .
T a s t e : sweet and f l o u r y .
B lack c h i c k p e a (KA KA) :
RPIP A c c e s s i o n No. 12-071-5437 t e s t e d as
s t r a i n n o . 438 M.
O r i g i n : K a r a j , I r a n
V a r i e t y c h a r a c t e r i s t i c s
Leng th o f g r o w i n g p e r i o d : 119 days
Disease r a t i n g : r e l a t i v e l y good
G r a i n y i e l d ( e x p e r i m e n t a l c o n d i t i o n ) : 
2100 kg/ha
1000 seeds w e i g h t : 116 gm
P l a n t h e i g h t : 26 cm
Seed shape: small and w r i n k l e d .
Seed c o a t c o l o r : u n i f o r m b l a c k .
Cooking t i m e : 28 minutes.
Taste: sweet.
I n 1968, two s t r a i n s o f chickpea r e p o r t e d
t o b e r e s i s t a n t t o b l i g h t (Ascochyta r a b i e i )
were o b t a i n e d from I s r a e l , w i t h f o u r o t h e r
v a r i e t i e s .
I n 1969, two v a r i e t i e s o f w h i t e chickpeas
recommended:
White Chickpeas (Jam)
RPIP Accession No. 12-071-10025 t e s t e d as
Source No. 111.
O r i g i n : Esfahan.
Variety characteristics
Length of growing p e r i o d : 120 days.
Disease r a t i n g : r e l a t i v e l y good.
Grain y i e l d ( e x p e r i m e n t a l c o n d i t i o n s ) :
2400 kg/ha
1000 seeds w e i g h t : 250 gm
P l a n t h e i g h t : 30 cm
White Chickpeas (Kourosh)
RPIP Accession No.12-071-10014 t e s t e d as
source No. 162
O r i g i n : Shahpour
Variety characteristics
Length of growing p e r i o d : 120 days
Disease r a t i n g : r e l a t i v e l y good
Grain y i e l d ( e x p e r i m e n t a l c o n d i t i o n ) :
2300 kg/ha
1000 seeds w e i g h t : 245 gm
P l a n t h e i g h t : 30 cm
I n 1969, seventy crosses were made w i t h
b l i g h t r e s i s t a n t and b r u c h i d r e s i s t a n t c h i c k -
peas. Crosses to i n c o r p o r a t e good seed
q u a l i t y , h i g h y i e l d , b l i g h t and b r u c h i d
r e s i s t a n c e were planned. Advanced g e n e r a t i o n s
o f crosses were made a t two s t a t i o n s i n t h e
summer of 1971 and t h e w i n t e r of 1971-72 to
o b t a i n two g e n e r a t i o n s a year.
DISTRIBUTION OF SEED
From 1971 to 1975, our main o b j e c t i v e was
t o I n t r o d u c e and d i s t r i b u t e the improved
v a r i e t i e s t o f a r m e r s . For t h i s purpose w e
made a handbook f o r each of p u l s e crops. As
o f now w i t h c o o p e r a t i o n o f M i n i s t r y o f A g r i -
c u l t u r e and Extension S e r v i c e , we have
succeeded i n d i s t r i b u t i n g about 200 t o n i seeds
o f t h e improved v a r i e t i e s which cover about
2000 ha in 15 s t a t e s of I r a n .
PLANT PATHOLOGY
P l a n t diseases are o f t e n a l i m i t i n g
f a c t o r i n t h e c u l t i v a t i o n o f food legumes i n
many p a r t s of t h e w o r l d . Serious crop l o s s e s
due to diseases in I r a n have been caused by
s o i l f u n g i , nematodes and v i r u s e s . Several
v i r u s e s a f f e c t i n g pulses i n I r a n have been
i d e n t i f i e d b y p r o j e c t e x p e r t s .
Major Viruses
These v i r u s e s a r e : A l f a l f a mosaic v i r u s
(AMV), Bean common mosaic v i r u s (BCMV), cu-
cumber mosaic v i r u s (CMV), Bean y e l l o w mosaic
v i r u s (BYMV), Cowpea a p h i d — b o r n e mosaic
(CAMV), Pealeaf r o l l (PLRV), Pea e n a t i o n mosaic
(PEMV), and, p o s s i b l y , c u r l y t o p (CTV). Some
o f these v i r u s e s are r e s t r i c t e d i n t h e i r host
ranges ( e . g . , BCMV) w h i l e o t h e r s have v e r y
wide host ranges ( e . g . , CMV).
Disease surveys have been made y e a r l y
s i n c e 1966 by t h e p r o j e c t team of v a r i o u s
pulse growing areas of I r a n . These have shown
t h a t v i r u s diseases are widespread and c o n t r i b -
ute a n n u a l l y t o decreased y i e l d and q u a l i t y
of food legumes. Diseased and h e a l t h y pulse
crops were c o l l e c t e d f r o m v a r i o u s areas o f the
c o u n t r y . From i n d i v i d u a l p l a n t s , i s o l a t i o n s
were made from r o o t and stem t i s s u e s on agar
media, w h i l e f o l i a r p o r t i o n s were assayed f o r
v i r u s i n f e c t i o n o n d i f f e r e n t t e s t p l a n t s .
Ascochyta b l i g h t (A. r a b i e i ) , t h e cause
o f a f o l i a r disease o f c h i c k p e a , i s o f t e n a 
l i m i t i n g f a c t o r i n t h e c u l t i v a t i o n o f C i c e r ,
e s p e c i a l l y i n areas w i t h h i g h r a i n f a l l and/or
h i g h h u m i d i t y d u r i n g p a r t o f t h e growing
season. The e f f e c t s o f n u t r i t i o n and e n v i -
ronment on g r o w t h , s p o r u l a t i o n , and s u r v i v a l
o f i s o l a t e s o f t h e fungus from v a r i o u s c h i c k -
pea growing areas of I r a n have been s t u d i e d
i n the l a b o r a t o r y , greenhouse, and f i e l d .
The optimum t e m p e r a t u r e f o r growth and
s p o r u l a t i o n was u s u a l l y 20°C, a l t h o u g h on some
agar media, maximum s p o r u l a t i o n o c c u r r e d at
10° to 15° C. Higher temperatures reduced
m y c e l i a l growth and s p o r u l a t i o n . The fungus
u s u a l l y ceased growing o r was k i l l e d a t 32°
t o 35°C. An agar medium u t i l i z i n g crushed
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c h i c k p e a seed was f ound to i n c r e a s e spo ru la -
t i o n o f a l l i s o l a t e s o f A . r a b i e i b y t h r e e t o
t e n t i m e s o v e r c o n v e n t i o n a l agar media such as
p o t a t o , d e x t r o s e a g a r . L i g h t has a l s o been
f o u n d t o g r e a t l y i n c r e a s e s p o r u l a t i o n o f t h e
f u n g u s .
I n n a t u r e A . r a b i e i appears t o s u r v i v e i n
seed o r p l a n t t i s s u e f r o m i n f e c t e d c h i c k p e a .
Only t h e i m p e r f e c t ( P y c n i d i a l ) s t a g e o f t h e
fungus has been f ound i n I r a n . The i m p o r t a n c e
o f d i s e a s e d c h i c k p e a t i s s u e i n s u r v i v a l o f t h e
pa thogen was s t u d i e d a t d i f f e r e n t t e m p e r a t u r e s ,
r e l a t i v e h u m i d i t i e s and s o i l . I n n a t u r a l l y
i n f e s t e d c h i c k p e a t i s s u e , A . r a b i e i s u r v i v e d
at l e a s t 80 weeks at 10° - 35o C, 58 weeks at
0-30% r e l a t i v e h u m i d i t y , and 54 weeks on, t h e
s o i l s u r f a c e . The fungus l o s t i t s v i a b i l i t y
r a p i d l y a t 60% and 100% r e l a t i v e h u m i d i t y o r
a t s o i l dep ths o f 10 to 40 cm. The pathogen
s u r v i v e d o v e r 9 0 weeks i n n a t u r a l l y i n f e c t e d
c h i c k p e a seed s t o r e d i n a wea the r s t a t i o n
s h e l t e r i n s o u t h w e s t e r n I r a n where summer
t e m p e r a t u r e s o f t e n exceeded 50°C.
A t e c h n i q u e has been deve loped f o r i n o c -
u l a t i n g ch i ckpea l i n e s t o l o c a t e sources o f
r e s i s t a n c e t o Ascochy ta b l i g h t . Ch ickpea
s e l e c t i o n s have been screened a g a i n s t I r a n i a n
i s o l a t e s o f A . r a b i e i , and s e v e r a l , e s p e c i a l l y
b l a c k seeded t y p e s , were m o d e r a t e l y t o h i g h l y
r e s i s t a n t t o t h e fungus i n f i e l d and g r e e n -
house t r i a l s . I s o l a t e s o f A . r a b i e i f r o m I r a n
e x h i b i t e d a w ide range o f v a r i a t i o n i n c o l o n y
appea rance , m y c e l i a l g r o w t h , and spo re p r o d u c -
t i o n . However, i t has n o t been e s t a b l i s h e d
whe the r races o f t h e pathogen o c c u r i n I r a n
wh ich v a r y i n t h e i r p a t h o g e n i c i t y t h e a f f e c t s
o f f o l i a r and seed t r e a t m e n t f u n g i c i d e s . The
newer s y s t e m i c chem ica l s a r e c u r r e n t l y under
i n v e s t i g a t i o n .
Pests
Entomology and p e s t c o n t r o l a c t i v i t i e s
were c e n t e r e d o n i d e n t i f i c a t i o n o f t h e ma jo r
p u l s e p e s t s and methods o f c o n t r o l l i n g them.
On c h i c k p e a s , t h e ma jo r pes t i s H e l i o t h i s
s p e c i e s o f wh i ch H e l i o t h i s a r m i g e r a , t h e
c o t t o n b o l l w o r m , i s t h e most s e r i o u s . However,
H e l i o t h i s d i psocea i s a l s o a n i m p o r t a n t p e s t
in some a r e a s . The o t h e r i m p o r t a n t pes t s on
c h i c k p e a s a r e : L i romyza conges ta ( l e a f m i n e r ) ,
A e y r t h o s i p h o n P isum, T h e r i o a p h i s t r i f o l i i ,
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DISCUSSION
What i s t h e mode o f r e s i s t a n c e t o B r u c h i d s i n I n d i a n l i n e s grown i n
I r a n ?
The l o s s e s to B r u c h i d s a r e c o n s i d e r a b l e in I r a n and c rosses have been
made in I r a n , b u t n o t enough seed has been o b t a i n e d f o r a t h o r o u g h
t e s t .
I wonder wh ich p a r t i c u l a r c h a r a c t e r c o n f e r r e d t h e r e s i s t a n c e . For
i n s t a n c e , i s i t seed c o l o r , c o a t t h i c k n e s s o r t e x t u r e ?
I t h i n k t h e l i n e r e f e r r e d to was p r o b a b l y B 1 0 0 . 9 - 1 wh i ch has been
found r e s i s t a n t t o B r u c h i d s i n l i m i t e d t e s t s . I t has been found t h a t
t h e mode o f a c t i o n was p r e f e r e n c e r a t h e r t h a n r e s i s t a n c e s i n c e , i f
n o c h o i c e was o f f e r e d t o t h e p e s t s , t h i s v a r i e t y was a l s o b a d l y
damaged.
I t has been found t h a t a rough seed c o a t i s n o t p r e f e r r e d and t h a t
one o f t h e two s p e c i e s o f b r u c h i d s n o r m a l l y found o n c h i c k p e a ,
C. c h i n e n s i s do n o t a t t a c k rough seeded t y p e s . The o t h e r s p e c i e s
Bruchus s p . i s n o t d e t e r r e d . There may a l s o be o t h e r f a c t o r s
i n v o l v e d .
I w i s h t o know f r om Dr . J a f f a r i whe the r t h e b o l d seeded v a r i e t i e s i n
C lass I o u t - y i e l d e d t h e sma l l seeded ones i n C lass I I and I I I .
The l a r g e r seeded v a r i e t i e s o n l y y i e l d e d abou t 2000 kg /ha i n I r a n ,
and t h e s m a l l e r seeded v a r i e t i e s o u t - y i e l d e d them. Marke t p r e f e r e n c e
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was f o r l a r g e seeded v a r i e t i e s and strenuous e f f o r t s are t h e r e f o r e
being made t o improve t h e y i e l d s o f t h e l a r g e seeded t y p e s . Black
v a r i e t i e s are o f t e n used a s s p l i t s .
W.V. Royes: C e r t a i n v a r i e t i e s of legumes have been found in South America w i t h
r e s i s t a n c e to i n s e c t pests. These had c e r t a i n amino acids in them--
u n f o r t u n a t e l y they were t o x i c to man as w e l l as to i n s e c t s .
Y.L. Nene: I have scanned the w o r l d l i t e r a t u r e on t h e pathogens o f Ci c e r . I r a n
is t h e o n l y c o u n t r y where a c o n s i d e r a b l e number of v i r u s e s are f o u n d ,
w h i l e in I n d i a w i t h a very v a r i a b l e and wide range of growing
c o n d i t i o n s few have been recorded, though some p l a n t s showing v i r u s -
l i k e symptoms have been found.
W.J. K a i s e r : I found f i v e v i r u s e s in I r a n w h i l e s e r v i n g t h e r e . I b e l i e v e t h a t t h e
prevalence i s r e l a t e d t o the l a r g e number o f a l t e r n a t i v e host p l a n t s ,
i n p a r t i c u l a r Medicago, and the e x c e l l e n t c o n d i t i o n s which f a v o r e d
a p h i d i n c r e a s e . I found some o f the v i r u s e s were p e r s i s t e n t and some
n o n p e r s i s t e n t . Medicago was not the o n l y h o s t - - M e l i l o t u s , aubergine
and weeds were a l s o i m p l i c a t e d . There were a l s o a number of p e r e n n i a l
s p e c i e s . There i s a l s o the d i f f i c u l t y o f i s o l a t i n g the v i r u s e s which
is experienced in many d e v e l o p i n g c o u n t r i e s as greenhouse work and
d e t a i l e d t r a n s m i s s i o n t e s t s are needed and t h e r e has been l i t t l e o f
t h i s t y p e o f work i n s e m i a r i d t r o p i c s . The symptoms o f some o f the
v i r u s e s are very s i m i l a r t o w i l t and when such m a t e r i a l was t e s t e d
by back t r a n s m i s s i o n one d i d get t y p i c a l v i r u s symptoms.
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THE STATUS OF CHICKPEA RESEARCH
IN THE MIDDLE EAST
G. C. Hawtin1
SUMMARY
The chickpea is an i m p o r t a n t p u l s e in t h e
M i d d l e East, being second o n l y to broadbeans
i n terms o f acreage. I t i s grown m a i n l y a s a 
d r y l a n d c r o p , p l a n t e d i n t h e s p r i n g . Rela-
t i v e l y l i t t l e r e s e a r c h has been c a r r i e d o u t t o
date o n chickpeas i n t h e r e g i o n , w i t h t h e
e x c e p t i o n of t h e RPIP program in I r a n . Re-
search undertaken b y t h i s program i n c l u d e d
b r e e d i n g , p a t h o l o g y , entomology and agronomy.
Some b a s i c agronomy t r i a l s and s e l e c t i o n s from
l o c a l l a n d r a ces have been made i n A l g e r i a ,
Egypt, E t h i o p i a , Lebanon, Sudan and Turkey.
The Regional Food Legume Program was
s t a r t e d by ALAD i n 1972 t o develop research on
ch i c k p e a s , broadbeans and l e n t i l s i n the Mid-
d l e East and North A f r i c a . The program so f a r
has been concerned w i t h t r a i n i n g and w i t h
o b t a i n i n g , d i s t r i b u t i n g and e v a l u a t i n g a wide
range o f germplasm. I t i s probable t h a t t h e
program w i l l expand i n t h e f u t u r e t o i n c l u d e
r e s e a r c h on n u t r i t i o n and p a t h o l o g y .
INTRODUCTION
I n 1968, t h e A r i d Lands A g r i c u l t u r a l
Development Program (ALAD) was s t a r t e d by the
Ford Foundation t o study problems r e l a t i n g t o
i n c r e a s i n g a g r i c u l t u r a l p r o d u c t i v i t y i n the
M i d d l e East and North A f r i c a . The research
was i n i t i a l l y concerned w i t h wheat, maize,
f o r a g e and sheep p r o d u c t i o n but has s i n c e
broadened in scope to i n c l u d e a wide range of
c r o p s . In 1971, Dr. L. House of t h e
R o c k e f e l l e r Foundation j o i n e d ALAD and took
over t h e sorghum and m i l l e t s work and s t a r t e d
t h e r e g i o n a l program on food legumes to study
t h e major pulses o f t h e r e g i o n — c h i c k p e a s ,
broadbeans and l e n t i l s . This research i s now
sponsored by t h e IDRC a l t h o u g h t h e program
a l s o r e l i e s h e a v i l y o n s u p p o r t from t h e Ford
Foundation, t h e A g r i c u l t u r a l Research I n s t i -
t u t e of t h e Lebanese Government and t h e
governments o f t h e v a r i o u s c o u n t r i e s w i t h i n
the r e g i o n .
THE REGION
The r e g i o n covered by t h e food legume
program extends a p p r o x i m a t e l y from Morocco
(10° W) to A f g h a n i s t a n (70° E) and from
E t h i o p i a (5° N) to Turkey (40° N). Throughout
most o f t h i s r e g i o n , t h e dominant c l i m a t e i s
s e m i a r i d and temperate, w i t h a w i n t e r r a i n f a l l
p a t t e r n . The annual r a i n f a l l v a r i e s c o n s i d -
e r a b l y from below 25 mm per year in p a r t s of
Egypt and Sudan to around 1000 mm per y e a r in
p a r t s o f Turkey, A l g e r i a , T u n i s i a and E t h i o p i a .
Most o f t h e a g r i c u l t u r a l l y i m p o r t a n t a r e a s ,
however, have an annual r a i n f a l l o f between
250 mm and 600 mm and in these a r e a s , d r y l a n d
a g r i c u l t u r e i s o f the g r e a t e s t importance. I n
some c o u n t r i e s , n o t a b l y Egypt and p a r t s of
Sudan, t h e a g r i c u l t u r e i s almost e n t i r e l y
i r r i g a t e d but these are t h e e x c e p t i o n s w i t h i n
t h e r e g i o n , and chickpeas a t l e a s t are v e r y
r a r e l y i r r i g a t e d elsewhere.
CHICKPEA PRODUCTION
IN THE REGION
Chickpeas v a r y i n importance t h r o u g h o u t
t h e r e g i o n , though t h e d i s t r i b u t i o n appears t o
be r e l a t e d as much t o l o c a l p r e f e r e n c e s f o r
t h e p u l s e a s t o the s u i t a b i l i t v o f l a n d and
c l i m a t e . Table 1 shows the area under the
p r o d u c t i o n o f chickpeas i n r e l a t i o n t o t h e
t o t a l area under c u l t i v a t i o n and the areas
devoted t o t h e o t h e r major p u l s e s , broadbeans
1
 A r i d Lands A g r i c u l t u r a l Development Program, Ford Foundation, B e i r u t , Lebanon
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( V i c i a f a b a ) , l e n t i l s (Lens c u l i n a r i s ) and d r y
beans (Phaseolus v u l g a r i s ) . A l l t h e main
p u l s e growing c o u n t r i e s o f t h e r e g i o n are
i n c l u d e d i n t h e t a b l e w i t h e x c e p t i o n o f
A f g h a n i s t a n f o r which no data was a v a i l a b l e .
T a ble 2 shows t h e annual p r o d u c t i o n and mean
y i e l d s of these crops f o r 1971. The a ea un-
d e r chickpea c u l t i v a t i o n has i n c r e a s e d i n the
r e g i o n by 34% in t h e p e r i o d f r o m 1950 to 1971
and mean y i e l d s have a l s o i n c r e a s e d i n t h a t
same p e r i o d by over 23%, p r i m a r i l y as a r e s u l t
o f improved agronomic p r a c t i c e s .
Drop in Chickpea Production
P r o d u c t i o n i n t h e l a s t t h r e e o r f o u r
y e a r s , however, has tended t o l e v e l o f f and
even drop s l i g h t l y , due c h i e f l y t o a g r e a t e r
acreage b e i n g sown to wheat because of high
w o r l d p r i c e s and t h e h i g h y i e l d p o t e n t i a l s
p o s s i b l e w i t h modern p r o d u c t i o n p r a c t i c e s and
v a r i e t i e s .
I f t h e d e c l i n e i n chickpea p r o d u c t i o n i s
to be h a l t e d or even r e v e r s e d , ways must be
found of making the p r o d u c t i o n more compet-
i t i v e w i t h t h e c e r e a l s t h r o u g h i n c r e a s e d
y i e l d s and p r i c e s or means must be found of
f i t t i n g t h e crop i n t o p r o d u c t i v e r o t a t i o n s o r
m u l t i p l e c r o p p i n g systems. Several govern-
ments are showing i n t e r e s t i n ways o f i n c l u d -
i n g a legume, p o s s i b l y c h i c k p e a s , i n t o the
p r e s e n t system o f wheat and f a l l o w r o t a t i o n .
I n Turkey and A l g e r i a i n p a r t i c u l a r t h i s
system i s v e r y i m p o r t a n t , and i f chickpeas
c o u l d be i n c l u d e d every second o r t h i r d y ear
i n t h e r o t a t i o n t h i s would open u p l a r g e areas
o f l a n d f o r chickpea c u l t i v a t i o n .
Breeding Programs
for Productivity
M u l t i p l e c r o p p i n g systems are c u r r e n t l y
b e i n g i n v e s t i g a t e d a t t h e American U n i v e r s i t y
o f B e i r u t (A.U.B.), and f r o m t h e p r e l i m i n a r y
work s o f a r i t seems p o s s i b l e t h a t chickpeas
c o u l d f o r m a u s e f u l e a r l y crop to be f o l l o w e d
by a summer c r o p , perhaps a f o r a g e . I f t h i s
i s t o become a n i m p o r t a n t system, i t i s d e s i r -
a b l e t o develop v a r i e t i e s and c u l t u r a l prac-
t i c e s which would enable t h e chickpeas to be
h a r v e s t e d one or two weeks e a r l i e r to a l l o w a 
l o n g e r growing p e r i o d f o r t h e succeeding crop.
Throughout most o f t h e r e g i o n chickpeas a r e
sown i n s p r i n g from February u n t i l m i d - A p r i l
b u t i f c o l d - t o l e r a n t l i n e s can b e found (and
s u f f i c i e n t c o l d t o l e r a n c e appears t o b e
p r e s e n t i n many genotypes) autumn p l a n t i n g
w i l l become a p o s s i b i l i t y , r e s u l t i n g i n
e a r l i e r h a r v e s t i n g and perhaps a b e t t e r use o f
the a v a i l a b l e water. I t i s planned t o screen
about 600 l i n e s o f chickpeas f o r c o l d t o l e r -
ance in Lebanon t h i s coming season.
In Egypt, Sudan and E t h i o p i a chickpeas
are g e n e r a l l y p l a n t e d i n t h e autumn from
September to e a r l y November and are h a r v e s t e d
from January t o A p r i l . During t h e growing
season i n these c o u n t r i e s , however, the
temperature r a r e l y drops below 5° - 10° C and
c o l d t o l e r a n c e i s n o t a problem.
Chickpeas a r e almost always grown as a 
monoculture t h r o u g h o u t t h e r e g i o n , w i t h t h e
e x c e p t i o n o f p a r t s o f E t h i o p i a where t h e y are
o c c a s i o n a l l y found i n a d m i x t u r e w i t h o t h e r
crops such as s a f f l o w e r or sorghum (Simoons
1960).
The t y p e p r e f e r r e d in most of t h e coun-
t r i e s i n t h e Middle East and North A f r i c a are
those w i t h b o l d , b u f f - c o l o r e d seeds and a 
premium p r i c e i s o f t e n p a i d f o r these v a r i -
e t i e s . I n E t h i o p i a , I r a n and A f g h a n i s t a n ,
however, s m a l l e r c o l o r e d seeds are a l s o common
and m i x t u r e s o f t h e s e , t o g e t h e r w i t h b u f f -
c o l o r e d types can o f t e n be found in t h e mar-
k e t s .
CHICKPEA RESEARCH
IN THE REGION
To date r e l a t i v e l y l i t t l e r e s e a r c h work
has been undertaken on chickpeas in t h e r e g i o n
a p a r t f r o m some s e l e c t i o n s from l o c a l l a n d -
races and b a s i c agronomic s t u d i e s .
While a t t e m p t i n g to summarize t h e work
done i n the r e g i o n s o f a r , i t must b e borne i n
mind t h a t r e s e a r c h may have been c a r r i e d o u t
of which I am unaware, e s p e c i a l l y in Morocco
and Turkey. Apologies are given f o r any
omissions.
RPIP was s e t up in 1963 f i n a n c e d by t h e
USAID and t h e A g r i c u l t u r a l Research S e r v i c e o f
th e USDA. This p r o j e c t s t a r t e d i n 1964 i n
I r a n f o l l o w i n g a n agreement w i t h t h e Govern-
ment o f I r a n a l l o w i n g f o r p a r t i c i p a t i o n i n
p r o j e c t o p e r a t i o n s o f t h e plan o r g a n i z a t i o n ,
the M i n i s t r y o f A g r i c u l t u r e and Karaj
A g r i c u l t u r a l C o l l e g e . I n 1966 s i m i l a r coop-
e r a t i v e r e s e a r c h was s t a r t e d w i t h P a h l a v i
U n i v e r s i t y i n S h i r a z . The r e s e a r c h i s w e l l
summarized in t h e annual r e p o r t s and o n l y a 
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b r i e f o u t l i n e w i l l b e g i v e n here (Progress
Report, RPIP 1964-1971). OTHER MIDDLE EASTPROGRAMS
There were f o u r main areas of r e s e a r c h :
b r e e d i n g , agronomy, p a t h o l o g y and entomology.
The crops s t u d i e d i n c l u d e d a wide range of
p u l s e s i n a d d i t i o n t o chickpeas.
Plant Pathology
A major o b j e c t i v e o f t h e v a r i e t a l
improvement work was to t r a n s f e r genes f o r
r e s i s t a n c e t o b l i g h t (Ascochyta r a b i e i ) from
a r e s i s t a n t l i n e (Accession No. 12-074-006625)
t o b e t t e r agronomic s t r a i n s . A number o f
crosses were a l s o e s t a b l i s h e d between b r u c h i d
r e s i s t a n t l i n e s , double-podded l i n e s , h i g h
y i e l d i n g l i n e s and l i n e s w i t h good seed
q u a l i t y . Several g e n e t i c s t u d i e s were a l s o
u n d e r t a k e n , and a l a r g e germplasm c o l l e c t i o n
was made i n c l u d i n g a comprehensive c o l l e c t i o n
o f l o c a l I r a n i a n m a t e r i a l (Khosh-Khui and
N i k n e j a d 1972; N i k n e j a d and Khosh-Khui 1972;
N i k n e j a d , Khosh-Khui and Shorashy 1971).
The p a t h o l o g y work was m a i n l y concerned
w i t h t h e c o n t r o l ( K a i s e r , Okhovat and
Mossahebi 1973), and f a c t o r s a f f e c t i n g g r o w t h ,
s p o r u l a t i o n p a t h o g e n i c i t y and s u r v i v a l ( K a i s e r
1973) o f Ascochyta r a b i e i . V i r u s diseases
were a l s o s t u d i e d and a t o t a l o f f i v e v i r u s e s
were i s o l a t e d from n a t u r a l l y i n f e c t e d c h i c k -
peas ( K a i s e r , Okhovat and Mossahebi 1972).
These were a l f a l f a mosaic (AMV), bean y e l l o w
mosaic (BYMV), cucumber mosaic (CMV), pea
e n n a t i o n mosaic (PEMV) and pea l e a f r o l l (PLRV).
Three l i n e s o f chickpeas were found w i t h
r e s i s t a n c e t o b r u c h i d s and two w i t h r e s i s t a n c e
t o r o o t k n ot nematode (Meloidogyne s p . ) . L i t -
t l e success was r e p o r t e d , however, w i t h
chemical c o n t r o l o f i n s e c t p e s t s , p r i m a r i l y
because o f low l e v e l s o f n a t u r a l i n f e s t a t i o n .
The agronomy s t u d i e s w i t h chickpeas were
concerned w i t h p l a n t p o p u l a t i o n d e n s i t y and
i r r i g a t i o n . I n t h e i r e x p e r i m e n t s , n o y i e l d
advantage was found by i n c r e a s i n g the popula-
t i o n above 300,000 p l a n t s per h e c t a r e in 50 cm
rows and i n g e n e r a l , i r r i g a t i o n a t t w e l v e day
i n t e r v a l s r e s u l t e d i n s l i g h t l y lower y i e l d s
t h a n i r r i g a t i o n a t e i t h e r s i x o r n i n e day
i n t e r v a l s .
The RPIP program was t e r m i n a t e d in I r a n
a t t h e end of 1971, a l t h o u g h much of the
res e a r c h s t a r t e d by t h e p r o j e c t has c o n t i n u e d
under l o c a l f u n d i n g , and t h e p u l s e work
c u r r e n t l y b e i n g undertaken i s s t i l l among the
best i n t h e r e g i o n .
A p a r t from t h e I r a n i a n program, most of
t h e work has c o n s i s t e d of basic agronomy
t r i a l s and some development o f improved v a r i -
e t i e s b y s e l e c t i o n f r o m t h e l o c a l germplasm.
I n . b o t h Egypt and Sudan, t h e r e are g r a i n
legume research s e c t i o n s i n the r e s p e c t i v e
M i n i s t r i e s o f A g r i c u l t u r e , but i n n e i t h e r
c o u n t r y have chickpeas r e c e i v e d much a t t e n t i o n
owing t o the c o m p a r a t i v e l y u n i m p o r t a n t p o s i -
t i o n o f t h i s p u l s e i n t h e i r a g r i c u l t u r e . I n
Egypt, a c o l l e c t i o n of l o c a l germplasm has
been made and one s e l e c t i o n from t h i s , d e s i g -
nated G i z a l , is now the s t a n d a r d recommended
v a r i e t y . P l a n t i n g date t r i a l s have been
undertaken i n Sudan and c u r r e n t l y t h e e f f e c t s
o f c e r t a i n s o i l t r e a t m e n t s o n sodium t o x i c i t y
are being i n v e s t i g a t e d at Hudeiba Research
S t a t i o n .
A n i n i t i a l c o l l e c t i o n o f l o c a l landraces
of chickpeas has been made in Turkey, and plans
e x i s t f o r a d d i t i o n a l c o l l e c t i o n i n t h e f u t u r e ,
in c o n j u n c t i o n w i t h t h e FA0 sponsored scheme
on t h e c o n s e r v a t i o n o f p l a n t g e n e t i c resources.
The c o l l e c t i o n i s being m a i n t a i n e d a t t h e
P l a n t I n t r o d u c t i o n Center a t the M i n i s t r y o f
A g r i c u l t u r e Research S t a t i o n , Menemen, I z m i r .
A small c o l l e c t i o n o f l o c a l germplasm i s
a l s o being m a i n t a i n e d at t h e Debre-Zeit Re-
search S t a t i o n o f H a i l e S e l l a s s i e I U n i v e r s i t y
in E t h i o p i a . A number of s e l e c t i o n s have
been made from t h i s m a t e r i a l which have been
shown t o b e s u p e r i o r i n y i e l d t o t h e unse-
l e c t e d l o c a l l a n d r a c e s . T r i a l s f o r soreening
f o r r e s i s t a n c e t o w i l t ( D e b r e - Z e i t A g r i c u l -
t u r a l Experiment S t a t i o n 1972-73) were under-
taken i n 1973, but w i t h l i t t l e success.
S e l e c t i o n s were made from l o c a l and i n t r o d u c e d
germplasm i n A l g e r i a f o r s e v e r a l years p r i o r
to independence in 1962, and some v e r y good
genotypes were developed having a t a l l and
e r e c t growth h a b i t s u i t a b l e f o r mechanical
h a r v e s t i n g . This work was l a r g e l y d i s c o n t i n -
ued a f t e r 1962, however, and i t i s o n l y w i t h i n
the l a s t few years t h a t i n t e r e s t i n the crop
has been r e v i v e d .
I n Lebanon, t r i a l s have been conducted on
v a r i o u s agronomic aspects o f chickpeas a t the
American U n i v e r s i t y o f B e i r u t . I n a d d i t i o n t c
t h e m u l t i p l e c r o p p i n g work mentioned p r e -
v i o u s l y , t h e e f f e c t s o f p l a n t i n g d a t e , p l a n t
p o p u l a t i o n d e n s i t y and o t h e r f a c t o r s have been
t h e s u b j e c t o f s e v e r a l i n v e s t i g a t i o n s (M.Sc.
Thesis 1970: M.Sc. Thesis 1973). A g r a n t to
the F a c u l t y o f A g r i c u l t u r e Sciences a t t h e
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A.U.B. was r e c e n t l y approved by t h e IDRC t o
f i n a n c e work o n n u t r i t i o n a l and f o o d p r o-
c e s s i n g a s p e c t s o f sorghum, m i l l e t s and f o o d
legumes o f which t h e chickpea w i l l be one o f
t h e main p u l s e s s t u d i e d .
THE REGIONAL
FOOD LEGUME PROGRAM
The r e g i o n a l f o o d legume program in
Lebanon has two main a s p e c t s : p r a c t i c a l crop
improvement and t r a i n i n g .
I n view o f t h e r e l a t i v e l y few t r a i n e d
s c i e n t i s t s w o r k i n g o n p u l s e s i n t h e r e g i o n i t
was f e l t t h a t a t o p p r i o r i t y s h o u l d b e g i v e n
t o b u i l d i n g u p a body o f s k i l l e d r e s e a r c h
workers 1n t h e r e g i o n who would be capable of
r u n n i n g e f f e c t i v e f i e l d e x p e r i m e n t a t i o n . With
t h i s aim i n mind, a t r a i n i n g course was h e l d
i n Lebanon from mid-March u n t i l mid-August,
1974, which was a t t e n d e d by 16 s t u d e n t s f r o m a 
t o t a l o f t e n c o u n t r i e s . The t r a i n i n g g i v e n
was m a i n l y of a p r a c t i c a l n a t u r e aimed more at
t e a c h i n g f i e l d s k i l l s r e l a t e d t o p l a n t improve-
ment ( l a n d p r e p a r a t i o n , c r o s s i n g t e c h n i q u e s ,
n o t e t a k i n g , e t c . ) ' r a t h e r t h a n t h e t h e o r e t i c a l
a s p e c t s .
I n view o f the g e n e r a l l y r a t h e r narrow
gene base a v a i l a b l e t o breeders f r o m t h e i r
l o c a l genotypes, t h e program so f a r has con-
c e n t r a t e d a l m o s t e n t i r e l y o n o b t a i n i n g ,
m a i n t a i n i n g , i n c r e a s i n g and d i s t r i b u t i n g germ-
plasm. I n 1973, p u l s e s were c o l l e c t e d i n
Lebanon, S y r i a , I r a q and Jordan and germplasm
was a l s o o b t a i n e d f r o m breeders b o t h w i t h i n
and o u t s i d e t h e r e g i o n . A f i v e - w e e k p u l s e
c o l l e c t i n g e x p e d i t i o n was mounted i n
A f g h a n i s t a n i n J u l y and August, 1974, a t t h e
r e q u e s t of t h e A f g h a n i s t a n government. Of a 
t o t a l o f n e a r l y 900 samples c o l l e c t e d d u r i n g
t h e t r i p , 289 were ch i c k p e a s .
In 1972 and 1973, t h e chickpea c o l l e c -
t i o n s were screened i n Egypt, Sudan, T u n i s i a
and Lebanon. On t h e b a s i s of these n u r s e r i e s ,
a r e g i o n a l chickpea n u r s e r y c o m p r i s i n g 168
e n t r i e s was d i s t r i b u t e d in 1974 to 12 coun-
t r i e s i n t h e r e g i o n (Morocco, A l g e r i a , Egypt,
Sudan, E t h i o p i a , J o r d a n , Lebanon, S y r i a ,
Cyprus, Turkey, I r a n and A f g h a n i s t a n ) . The
i n f o r m a t i o n r e c e i v e d back f r o m t h e s e n u r s e r i e s ,
however, was poor and t h i s season an e n l a r g e d
r e g i o n a l n u r s e r y o f n e a r l y 400 e n t r i e s has
been d i s t r i b u t e d f o r e v a l u a t i o n .
S i n g l e p l a n t s e l e c t i o n s f r o m t h e genotype
c o l l e c t i o n s have been e v a l u a t e d i n Egypt,
Sudan and Lebanon. In 1974, t h e progeny f r o m
o v e r 3500 s e l e c t e d p l a n t s were e v a l u a t e d i n
Lebanon and s e v e r a l o f t h e l i n e s appeared t o
b e v e r y p r o m i s i n g , m a t u r i n g a s e a r l y o r e a r l i e r
than t h e l o c a l v a r i e t i e s and having g r e a t e r
v i g o r . Some o f t h e b e s t o f these l i n e s w i l l
b e put i n a p r e l i m i n a r y y i e l d t r i a l s t h i s sea-
son. I n t e r e s t i n g g e n e t i c d i f f e r e n c e s were
observed i n t h e n u r s e r y w i t h r e g a r d t o t h e
e f f e c t s i r o n d e f i c i e n c y ( o r u n a v a i l a b i l i t y ) i n
t h e s o i l . A number o f l i n e s showed v e r y
obvious symptoms of s t u n t i n g and y e l l o w i n g and
i n s e v e r a l cases f a i l e d t o produce any seed.
Other genotypes, however, showed no apparent
symptoms a l t h o u g h , o f c o u r s e , i t i s n o t known
whether t h e y i e l d s were a f f e c t e d .
Genotypes have been i d e n t i f i e d f o r i n -
c l u d i n g i n a c r o s s i n g b l o c k t h i s season and i t
i s planned t o make crosses between s u p e r i o r
genotypes and t h e b e s t l o c a l l y adapted v a r i e t y
in each c o u n t r y . The segregated seed f r o m
t h e s e crosses w i l l b e d i s t r i b u t e d f o r s e l e c -
t i o n . Eleven l o c a l l y adapted l i n e s were i n -
c l u d e d i n t h e 1974 ICRISAT c r o s s i n g b l o c k . I t
is i n t e n d e d t h a t t h e F 's of these crosses
w i l l be e v a l u a t e d t h i s season i n Lebanon, and
t h e F2 seed w i l l be d i s t r i b u t e d t o t h e r e g i o n
f o r s e l e c t i o n work.
The program w i l l make a major c o n t r i b u -
t i o n t o b r e e d i n g i n t h e r e g i o n t h r o u g h t h e
o r g a n i z a t i o n o f o f f - s e a s o n n u r s e r i e s , e n a b l i n g
breeders in many of t h e c o u n t r i e s to grow more
than one g e n e r a t i o n per y e a r . A h i g h e l e v a -
t i o n s i t e i n Lebanon was e v a l u a t e d i n 1974 a s
o n o f f - s e a s o n l o c a t i o n and f r o m t h e r e s u l t s i t
appears t h a t by growing a normal crop at low
e l e v a t i o n f o l l o w e d by a second crop at h i g h
e l e v a t i o n , two g e n e r a t i o n s can be grown be-
tween A p r i l and t h e end o f October. I f t h i s
i s coupled w i t h t h e normal growing season i n
Egypt or Sudan, t h r e e g e n e r a t i o n s can be grown
each y e a r .
FUTURE WORK
A s t h e r e g i o n a l program d e v e l o p s , i t i s
hoped t h a t t h e r e s e a r c h w i l l be expanded t o
i n c l u d e p a t h o l o g y and n u t r i t i o n . There i s now
a s t r o n g p o s s i b i l i t y t h a t a n i n t e r n a t i o n a l
a g r i c u l t u r a l r e s e a r c h c e n t e r w i l l b e e s t a b -
l i s h e d f o r t h e M i d d l e East r e g i o n , and i f t h i s
comes about a r a p i d expansion of t h e f o o d
legume program a c t i v i t i e s s h o u l d b e a v a i l a b l e .
There a l r e a d y e x i s t s a good c o o p e r a t i o n
between t h e ALAD program and the ICRISAT
p r o g r a m — a n d i t i s hoped t h a t t h i s t o o w i l l
develop f u r t h e r i n t h e f u t u r e .
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J . J a f f a r i :
The problem of movement of p l a n t and seed m a t e r i a l 1n the Middle
Eastern area i s very s e r i o u s . This c o u l d a f f e c t the program o n
chickpea (and pigeonpea) c o n s i d e r a b l y .
I agree t h a t t h e r e 1s a danger of I n t r o d u c i n g new pathogens to areas
where they do not e x i s t and c a u t i o n 1s necessary. In g e n e r a l ,
q u a r a n t i n e r e g u l a t i o n s i n t h e area have been l o o s e l y I n t e r p r e t e d
and v e r y f r e e movement of m a t e r i a l has been p o s s i b l e .
I have noted t h e e x c e l l e n t c o l l e c t i o n of C i c e r a v a i l a b l e 1n t h e
M i d d l e East and wish to know how ICRISAT c o u l d "mesh in" w i t h t h e
work a l r e a d y underway.
I f e e l t h a t t h e r e are many f i e l d s 1n which mutual b e n e f i t c o u l d be
o b t a i n e d . In my experience ICRISAT c o u l d t a k e over a l a r g e p a r t of
t h e c r o s s i n g work and g r e a t l y a s s i s t 1 n p r o v i s i o n o f e a r l y cross
m a t e r i a l f o r t e s t i n the Middle East area. I n f a c t , any work
ICRISAT c o u l d do by way of p r o v i d i n g data on germplasm would be
v e r y welcome. ICRISAT i s i d e a l l y s i t u a t e d t o m a i n t a i n the germplasm
c o l l e c t i o n , and i n due course w i l l have b e t t e r germplasm s t o r a g e
which w i l l be o f immense value t o workers in t h e s e m i a r i d c r o p i c s
and a d j a c e n t areas. There 1s no doubt t h a t ICRISAT c o u l d a l s o a s s i s t
i n t h e o r g a n i z a t i o n o f y i e l d t r i a l s a s i t s c o o p e r a t i v e re s e a r c h
program 1n t h e s e m i a r i d t r o p i c s develops.
W i l l Dr. Hawtin mention the number o f species o f w i l d C l c e r which
have been o b t a i n e d from A f g h a n i s t a n .
To d a t e , o n l y one s p e c i e s , C i c e r fungens, has been o b t a i n e d from
A f g h a n i s t a n . C. chlorosannlcum has n o t been found. However, a 
former t r a i n e e has now r e t u r n e d t o A f g h a n i s t a n and w i l l b e l o o k i n g
f o r w i l d s p e c i e s .
I note t h a t e x t e n s i v e germplasm c o l l e c t i o n s e x i s t but wonder whether
any c u l t i v a r s have been found which are r e s i s t a n t t o w i l t . I f e e l
t h a t t h e r e 1s a need to develop s c r e e n i n g procedures f o r t h i s v e r y
i m p o r t a n t disease.
I agree t h a t w i l t is a major problem and t h a t a g r e a t deal more work
i s r e q u i r e d . There appear t o be l i n e s t h a t are r e s i s t a n t 1n some
places and when t e s t e d elsewhere the r e s i s t a n c e has broken down,
p o s s i b l y i n d i c a t i n g t h a t " w i l t " was caused b y s e v e r a l d i f f e r e n t patho-
gens or s t r a i n s and t h e r e f o r e work must be i n t e n s i f i e d on t h i s aspect.
I wish t o know about the progress made w i t h t h e double podded l i n e s
and green seeded t y p e s .
T h i s work was done by t h e RPIP and p o s s i b l y Dr. J a f f a r i 1s i n a 
b e t t e r p o s i t i o n t o g i v e t h e c u r r e n t s i t u a t i o n r e p o r t .
So f a r as I know, n o t much work has been done on those aspects. The
double pods were found on a b l a c k seeded t y p e and t h e work has n o t
been f o l l o w e d u p i n d e t a i l .
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THE RESEARCH ON THE CHICKPEA
(CICER ARIETINUM) IN SPAIN
J. I. Cubero1
INTRODUCTION
The chickpea ( C i c e r a r i e t i n u m L.) has
been a v e r y p o p u l a r leguminous seed in Spain,
used as human and animal f o o d . Even now, w i t h
t h e c u l t i v a t i o n d e c l i n i n g ( F i g u r e 1 ) , one o f
t h e most p o p u l a r dishes o f t h e Spanish k i t c h e n
( t h e " c o c i d o " ) i s made w i t h t h e chickpea
g r a i n . Perhaps p a r a d o x i c a l l y , when the
c u l t i v a t i o n i s d i s a p p e a r i n g from l a r g e regions
o f t h e c o u n t r y , t h e " c o c i d o " i s moving from
i t s o r i g i n a l r u r a l zones t o the most l u x u r i o u s
r e s t a u r a n t s of t h e main towns. The paradox is
o n l y s u p e r f i c i a l ; i n deed, l i k e many o t h e r
p o p u l a r d i s h e s , the " c o c i d o " i s I t s e l f a 
complete meal, very r i c h i n p r o t e i n s , carbohy-
d r a t e s and f a t s , and f o r t h i s reason was very 
much a p p r e c i a t e d i n t h e zones po o r e s t i n l i v e -
s t o c k . With the r i s e o f t h e s t a n d a r d o f
l i v i n g , the vegetable p r o t e i n s are s u b s t i t u t e d
by t h e animal ones, and t h e t r a d i t i o n a l dishes
begin t o b e a p p r e c i a t e d n o t f o r t h e i r n u t r i -
t i o u s value but f o r t h e i r "non e s s e n t i a l " ones
- - t h a t i s , the m i x t u r e o f f l a v o r s , c o l o r s and
t a s t e s .
Figure 1. Evolution of the Total Production of
Cicer Arietinum in Spain
1
 I n s t i t u t O N a t i o n a l de I n v e s t l g a c i o n e s A g r a r l a s , Centro Regional de A n d a l u c i a , Cordoba, Spain
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Decline of Culture
The tendency towards t h e d e c l i n i n g o f t h e
c h i c k p e a c u l t u r e as seen in F i g u r e 1 needs
comment. On one hand, even when t h e o f f i c i a l
d a t a d o n o t e x p l a i n t h i s q u e s t i o n , t h e d e c l i n e
o f t h e crop i s g r e a t e r i n animal f e e d than i n
human f o o d . The main reason is t h e decrease
i n t h e commercial v a l u e o f chickpea because o f
t h e a v a i l a b i l i t y o f more e f f i c i e n t c r o p s — s o y -
bean and s u n f l o w e r , f o r example. On t h e o t h e r
hand, t h e decrease of c u l t i v a t e d area has been
g r e a t e r i n t h e a g r o n o m i c a l l y r i c h e s t zones,
a v a i l a b l e f o r o t h e r crops o f h i g h e r economic
v a l u e t h a n i n the p o o r e s t ones where t h e
c h o i c e o f a c u l t u r e i s s t r o n g l y l i m i t e d b y t h e
e n v i r o n m e n t a l c o n d i t i o n s . I n c o n n e c t i o n w i t h
t h i s p o i n t , i t i s necessary t o add t h a t t h e
h i g h p r i c e p a i d f o r t h e b e s t v a r i e t i e s f o r
human f o o d (as a r e f e r e n c e , one d o l l a r USA/
k i l o ) has moved many farmers o f t h e r i c h e s t
s o i l s t o p l a n t chickpea a g a i n a s a p o s s i b l e
commercial crop.
Yield Quantity and Quality
Low y i e l d i n chickpea i s a v e r y i m p o r t a n t
f a c t o r . There are t h r e e reasons f o r t h e low
y i e l d : t h e use o f n o t s e l e c t e d v a r i e t i e s , t h e
use o f o l d c u l t i v a t i o n systems and t h e p r e s -
ence o f two cryptogamic diseases P h y l l o s t i c t a
r a b l e i T r o t , o r M i c o s p h a e r e l l a r a b i e i Kov. and
Fusarium sp.
P r o g r e s s i v e farmers have been a b l e to
double t h e y i e l d s b y changing t h e t r a d i t i o n a l
system o f c u l t i v a t i o n and u s i n g f e r t i l i z e r s
and p e s t i c i d e s a s modern a g r i c u l t u r e r e q u i r e s .
I n t h e f u t u r e , i t w i l l b e i n t e r e s t i n g t o s t u d y
t h e more adequate p l a n t d e n s i t i e s , q u a n t i t i e s
and ty p e s o f f e r t i l i z e r s , e t c . , b u t o n l y when
t h e use o f s e l e c t e d v a r i e t i e s i s common.
BREEDING EXPERIMENTS
Breeding t o o b t a i n s e l e c t e d v a r i e t i e s was
i n i t i a t e d b y t h e Puerta's team i n t h e l a t e
f i f t i e s . A l a r g e c o l l e c t i o n was formed and
c o n s i d e r i n g t h e s t r i c t autogamy o f t h i s spe-
c i e s , a p l a n t - t o - l i n e method was f o l l o w e d .
The r e s u l t was t h e o b t a i n i n g o f some v a r i e t i e s
w i t h h i g h e r y i e l d than t h o s e p r e v i o u s l y known,
but u n h a p p i l y t h i s was c o i n c i d e n t ( y e a r s 1964-
66) w i t h t h e l o w e s t p o i n t o f I n t e r e s t o n c h i c k -
pea, and t h e d i f f u s i o n of t h e new m a t e r i a l was
i n t e r r u p t e d . Perhaps i t i s a good moment t o
st u d y t h o s e v a r i e t i e s a g a i n , p a r t i c u l a r l y 1 n
t h e zones where t h e c u l t i v a t i o n o f t h e crop i s
becoming I m p o r t a n t , as in t h e South of Spain
( F i g u r e 2 ) . As a member of t h e Puerta's team,
and because o f m y a c t u a l s i t u a t i o n i n t h e
I n s t i t u t o Nacional d e I n v e s t i g a c i o n e s A g r a r i a s
( I N I A ) a t Cordoba (see C i n F i g u r e 2 ) , I t h i n k
t h a t i n t h e coming y e a r s I s h a l l b e a b l e t o d o
something i n t h i s way f o r the A n d a l u s i a n
f a r m e r s . A t y p i c a l y i e l d i n Spain v a r i e s
between 5 and 8 Q/Ha, depending on t h e zone.
With new methods of c u l t u r e or new v a r i e t i e s
these numbers can be doubled.
Selection for Quality
The same team began t h e s e l e c t i o n f o r
q u a l i t y . The Spanish m a t e r i a l was, i n t h i s
sense, e x c e l l e n t and 1t was n o t necessary to
use h y b r i d i z a t i o n as a system of b r e e d i n g .
The same s e l e c t i o n used f o r p r o d u c t i o n gave us
ve r y good v a r i e t i e s f o r c o o k i n g . I t i s t h e
t r a d i t i o n a l p o i n t o f view o f t h e f a r m e r s t h a t
a v a r i e t y i s b e t t e r f o r cooking when i t s g r a i n s
are l a r g e r (45-55 per ounce a r e t h e most
a p p r e c i a t e d ) and rougher than t h e o t h e r s . I t
i s a p r e r e q u i s i t e t h a t t h e v a r i e t y b e w h i t e
f l o w e r e d .
I t i s necessary t o add here t h a t t h e
q u a l i t y 1 s n o t o n l y a v a r i e t a l q u e s t i o n , b u t
i t i s a l s o a f f e c t e d b y t h e s o i l . I t i s w e l l
known t h a t t h e l i m e s o i l s make t h e g r a i n
F l o u r . 2 . C u l t i v a t e d A r a a o f C i c e r A r i e t i n u m i n
S p a i n (Hectares)
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h a r d e r and the best q u a l i t y i s o b t a i n e d o n
sandy s o i l s , a l t h o u g h t h i s k i n d o f s o i l i s not
a g r o n o m i c a l l y the b e s t f o r the chickpea.
Disease and Pests
When I began t o work w i t h Puerta i n 1962,
t h e most (and perhaps the o n l y ) known disease
of chickpea was t h e b l i g h t disease produced by
P h y l l o s t i c t a r a b i e i (Pass.) T r o t t e r , t h e
i m p e r f e c t f o r m of t h e ascomycete Mycos-
p h a e r e l l a r a b i e i Kov. Some works n o t o n l y o f
s e l e c t i o n ( P u e r t a 1964) b u t a l s o o f some
p h y s i o l o g i c a l aspects o f t h e p a r a s i t e were
i n i t i a t e d t o s o l v e t h e problem.(Cubero 1965).
Some human and e c o l o g i c a l f a c t o r s c o n t r i b u t e d
t o t h e i n t e r r u p t i o n o f t h a t work, b u t 1 n a l l
cases I sowed t h e complete c o l l e c t i o n t h a t I 
r e c e i v e d from Puerta e v e r y y e a r from 1966
u n t i l n o w — w i t h t h e e x c e p t i o n o f 1 9 7 0 — f i r s t
near Madrid and, from 1971, in Cordoba and
o t h e r p l a c e s of A n d a l u s i a . The fungus seemed
t o have disappeared. E v i d e n t l y , t h e r e d u c t i o n
of t h e c u l t i v a t e d area can have p l a y e d a r o l e ,
as w e l l as t h e use of c u p r i c s to p r e v e n t t h e
a t t a c k . Few farmers used c u p r i c s t w e n t y years
ago, b u t t h a t i s not s u f f i c i e n t t o e x p l a i n t h e
disappearance o f t h i s d i s e a s e .
Perhaps another reason i s t h e spread o f
a n o t h e r disease more s e r i o u s than t h i s one:
t h e f u s a r i o s e produced by Fusarium sp. In
1962, d u r i n g a j o u r n e y across A n d a l u s i a to
c o l l e c t m a t e r i a l , I observed t h e c o e x i s t e n c e
o f b o t h diseases and t h e p o t e n t i a l danger o f
t h e Fusarium w i l t . A few y e a r s l a t e r , I d i d
n o t see any more b l i g h t and a complete i n f e c -
t i o n o f w i l t . Since 1972, I have grown t h e
c o l l e c t i o n now composed of about 700 e n t r i e s ,
i n n a t u r a l l y i n f e c t e d f i e l d s . Next y e a r , I 
s h a l l b e g i n some t e s t s t o stu d y t h e s e l e c t e d
m a t e r i a l i n agronomic c o n d i t i o n s .
The small f l y Lyriomyza c i c e r i n a causes
some damage on t h e chickpea. I t i s s a i d t h a t
t h e l o s s e s a r e s m a l l , but t h e y have n o t been
t h o r o u g h l y e v a l u a t e d . Perhaps in a c o u n t r y
w i t h so many sunny hours as Spain, the losses
o f parenchyma caused b y t h e f l y are l e s s
s e r i o u s t h a n i n o t h e r c o u n t r i e s .
SYSTEMATICS,
EVOLUTION AND GENETICS
A l a r g e c o l l e c t i o n o f v a r i e t i e s and
p o p u l a t i o n s enables s t u d i e s o f a l l k i n d s . The
methods of numerical taxonomy were used to
study some problems c o n c e r n i n g t h e s y s t e m a t i c s
o f t h i s s p e c i e s . F i r s t w e used t h e Mahala-
n o b i s ' Group Distance (Rao 1952) and then we
t r i e d t h e P r i n c i p a l Components Method. These
two methods, completed w i t h a deep pure
b o t a n i c s t u d y , c o n s t i t u t e the theme o f t h e
d o c t o r a l t h e s i s of my coworker and h i s w i f e
Ma Teresa Moreno. Some aspects o f t h i s work
are given here. The main s y s t e m a t i c charac-
t e r i s t i c i s t h e seed s i z e o r i t s e q u i v a l e n t ,
t h e pod s i z e . I n c o n n e c t i o n w i t h t h a t , t h e
species shows a d i s c o n t i n u i t y in a r e g i o n of
t h e v a r i a t i o n range. I n our c o n d i t i o n s , t h i s
p o i n t i s i n t h e r e g i o n o f 21-22 m m f o r l e n g t h
o f pod o r o f i t s e q u i v a l e n t i n seed s i z e ,
100-110 g r a i n s per ounce. We s e p a r a t e , f o r
t h i s reason, two groups: macrocarpa and
microcarpa. The a n a l y s i s of components shows
t h a t i t i s p o s s i b l e t o d i f f e r e n t i a t e 1 n t h e
l a t t e r two subgroups, m i c r o and mesosperma,
separated in t h e zone of 180-200 g r a i n s per
ounce.
Distribution of Chickpea
When t h e c o l l e c t i o n i s c l a s s i f i e d a ccord-
i n g t o these systems, and the r e s u l t s are
represented i n a map ( F i g u r e 3 ) , i t i s seen
t h a t a t r e n d e x i s t s between the e a s t e r n and
western n a t u r a l l i m i t s ( I r a n and Spain-
Morocco)"! I t i s w e l l known t h a t t h e I n d i a n
chickpeas were i n t r o d u c e d as a c u l t u r e . I 
have discussed the i m p l i c a t i o n s o f t h i s r e s u l t
in another paper (Cubero 1974), c o n s i d e r i n g
t h a t same typ e o f v a r i a t i o n has been observed
i n V i c i a faba and a l s o i n Lens e s c u l e n t a .
Perhaps t h e c e n t e r o f d i f f e r e n t i a t i o n f o r
C i c e r a r i e t i n u m i s t h e r e g i o n i n t h e South o f
Turkey and the North of Mesopotamia. The
a g r i c u l t u r a l c e n t e r o f d i f f u s i o n had t o be, a s
f o r many o t h e r c r o p s , t h e Near East (Mesopo-
t a m i a - N i l e D e l t a ) .
Hybridization
H y b r i d i z a t i o n s were i n t e n s i v e l y made f o r
g e n e t i c , s y s t e m a t i c and breeding purposes. We
have found t h a t i n c o m p a t i b i l i t y b a r r i e r s are 
n o t p r e s e n t among t h e t h r e e mentioned groups,
but i n t r a - g r o u p ( i n t e r - v a r i e t a l incompat-
i b i l i t y ) e x i s t s ( T a b l e 1 ) . Many crosses have
been performed, which are p e r m i t t i n g t h e study
o f q u a n t i t a t i v e c h a r a c t e r i s t i c s . A t the
moment we a r e a n a l y z i n g t h e F1 r e s u l t s f o l l o w -
i n g t h e D i a l l e l A n a l y s i s o f Hayman ( 1 9 5 4 ) ,
b u t w e i n t e n d t o c o n t i n u e t h e a n a l y s i s o f t h e
F2 and o t h e r g e n e r a t i o n s . The extreme v a r i a -
t i o n o f the m a t e r i a l i n t h e crosses w i l l make
s e l e c t i o n f o r r e s i s t a n c e t o Fusarium very




method l o o k i n g l o g i c a l l y f o r r e s i s t a n c e ,
q u a l i t y and y i e l d .
THE FUTURE
I hope t h a t i n t h e f u t u r e t h e r e w i l l be
more r e s e a r c h e r s . The s e l e c t i o n work s t a r t e d
in Madrid by P u e r t a has been c o n t i n u e d by me
in Cordoba, a l o n g w i t h o t h e r s t u d i e s as
mentioned above. The funds a v a i l a b l e f o r
d e v e l o p i n g r e s e a r c h i n chickpea are v e r y
meager, b u t I am o p t i m i s t i c because of t h e new
i n t e r e s t i n t h i s c u l t i v a t i o n shown by modem
f a r m e r s .
DISCUSSION
L.J.G. van der Maesen: I would l i k e t o know how many grams t h e r e a r e i n t h e Spanish ounce.
J . I . Cubero: There a r e a p p r o x i m a t e l y t h i r t y .
A.K. Auckland:
L.J.G. van der Maesen:
J . I . Cubero:
A.K. Auckland:
S. Chandra:
What a r e t h e f e r t i l i t y b a r r i e r s between groups o f chic k p e a which a r e
d e s c r i b e d ?
I f I c o u l d i n t e r p o s e , the i n t e r s p e c i f i c crosses i n t h e c r o p have 1 n
my e x p e r i e n c e never succeeded. I n i t i a l i n t e r e s t i n c r o s s i n g 1n t h e
d i f f e r e n t forms o f c u l t i v a t e d C i c e r has been l i m i t e d , and c r o s s i n g
appears t o be d i f f i c u l t between t h e major groups. I f e e l t h a t
b a r r i e r s c e r t a i n l y d o e x i s t b u t t h a t t o d a t e t h e number o f crosses
made has been t o o small t o dete r m i n e t h e i r n a t u r e .
I agree t h a t t h e number o f crosses made t o date i s s m a l l , b u t the
b a r r i e r s d o e x i s t and i t i s d i f f i c u l t t o i n t e r p r e t t h e e x i s t i n g
s i t u a t i o n . There appears t o have been a d r i f t o f genes which had
been f i x e d randomly between t h e d i f f e r e n t forms. I have n o t found
f e r t i l i t y b a r r i e r s between macrosperma, microsperma and mesosperma,
bu t I have found them w i t h i n these groups. There is no d e f i n i t e
p a t t e r n i n the f e r t i l i t y b a r r i e r s .
I f e e l t h a t f u r t h e r work o n t h i s problem i s necessary.
I t may be o f i n t e r e s t f o r you t o know t h a t some work has been done
i n I n d i a and t h e r e appeared t o b e a chemical b a r r i e r t o I n t e r s p e c i f i c
c r o s s e s . P o s s i b l y p r o t e i n i s t h e cause o f t h i s problem.
LITERATURE CITED
Cubero, J . I . 1965. E s t u d i o sobre elementos n u t r i t i v o s n e c e s a r i o s y c o n d i c i o n e s de
medio e x i g i d o s por e l honga P h y l l o s t i c t a r a b i e i (Pass) T r o t t e r . B o l . d e P a t o l Veg
Entom A g r i 28:1-36.
Cubero, J . I . 1974. O n t h e e v o l u t i o n o f V i c i a faba L . Theor. A p p l . G e n e t i c s , i n t h e
p r e s s .
Hayman, B . I . 1954. The t h e o r y and a n a l y s i s o f d i a l l e l c r o s s e s . Genetics 39:
789-809.
P u e r t a , J. 1964. La " r a b i a " d e l garbanzo: a i s l a m i e n t o del hongo P h y l l o s t i c t a r a b i e i
(pass) T r o t t e r e i n v e s t i g a c i o n de p o s i b l e s variedades de garbanzo r e s i s t e n t e s . B o l .
de P a t o l o g i a Vegetal y Entom. A y r i c . 27: 15-52
Rao, C.R. 1952. Advanced s t a t i s t i c a l methods i n b i o m e t r i c r e s e a r c h . New York:
John W i l e y & Sons I n c .
122






Turkey is a b r i d g e between Europe and
A s i a , surrounded by seas on t h r e e s i d e s . Area
of Turkey is 779,452 k m 2 , and the p o p u l a t i o n
1s 40 m i l l i o n .
Turkey i s d i v i d e d i n t o t h e f o l l o w i n g
p r i n c i p a l r e g i o n s f o r purposes o f g e o g r a p h i c a l




C e n t r a l A n a t o l i a Region
M e d i t e r r a n e a n Region
East A n a t o l i a Region
Southwest A n a t o l i a Region
Climate
Since it is s i t u a t e d in t h e temperate
zone, Turkey has v a r i o u s c l i m a t i c types i n
d i f f e r e n t p a r t s o f t h e c o u n t r y . A b r i e f de-
s c r i p t i o n o f temperature and p r e c i p i t a t i o n
p a t t e r n s as observed in d i f f e r e n t p a r t s of the
c o u n t r y is g i v e n below.
Temperature
The average annual temperature v a r i e s
between 18-20o C on t h e South Coast, f a l l i n g
to 14-15o C on t h e West Coast, and f l u c t u a t i n g
between 4-18o C in t h e I n t e r i o r depending on
a l t i t u d e . D u r i n g t h e two h o t t e s t months o f
summer, J u l y and August, t h e mean temperature
is 27o C or more on t h e Mediterranean and
Aegean Coasts and is 22-24° C on the Marmara
and Black Sea Coasts. Being away from mod-
e r a t i n g m a r i t i m e I n f l u e n c e s , most o f the
I n t e r i o r r e g i o n s r e c e i v e heat more r a p i d l y and
are s u b j e c t to a h o t summer. During the
c o l d e s t months o f the w i n t e r , January and
February, s u b s t a n t i a l v a r i a t i o n s i n tempera-
t u r e between c o a s t a l and c o n s i d e r a b l y c o l d e r
i n t e r i o r r e g i o n s a r e observed. The south
coast of Turkey 1s u s u a l l y warm d u r i n g the
w i n t e r w i t h t h e mean temperature between
8-12° C. The w i n t e r s are not very severe on
the n o r t h and west coasts of Turkey; the mean
January temperature v a r i e s from 5°C to 7°C.
The e a s t A n a t o l i a n and the i n t e r i o r p a r t s o f
Turkey are s u b j e c t t o c o l d w i n t e r s because
they a r e c u t o f f from moderating e f f e c t s o f
the sea wind by t h e c o a s t a l mountains. Aver-
age temperatures in these areas are between
0° and -10° C in w i n t e r .
Precipitation
G e n e r a l l y t h e r e are heavy r a i n f a l l s o n
t h e slopes of mountains f a c i n g t h e seas.
Annual p r e c i p i t a t i o n is over 600 mm in these
areas. Toward the i n t e r i o r areas t h e r a i n f a l l
g r a d u a l l y becomes l e s s . I n the c e n t r a l p a r t s
1t decreases to 250-300 mm. On the Marmara,
Mediterranean and Aegean coasts t h e r a i n y
season begins i n autumn and cont i n u e s u n t i l
l a t e s p r i n g . The Black Sea Coast r e c e i v e s
r a i n t h r o u g h o u t t h e y e a r . I n t h e i n t e r i o r
areas and Southeast A n a t o l i a r a i n f a l l mostl y
occurs 1n t h e s p r i n g (Anon. 1973 a ) .
Distribution of Arable Land
General d i s t r i b u t i o n o f a g r i c u l t u r a l l a n d
U n i v e r s i t y o f Ankara, Ankara, Turkey
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of Turkey is as f o l l o w s (Anon. 1973 b ) ;
Area ( i n 1000's Hectares)
T o t a l c u l t i v a t e d
T o t a l sown










I n c l u d i n g t h e n i n e m i l l i o n h e c t a r e s
f a l l o w e d f o r c e r e a l s , the t o t a l area devoted
to them adds up to 8956 of t h e area c u l t i v a t e d .
Wheat 1s t h e major crop w i t h 8.9 m i l l i o n
h e c t a r e s . More t h a n 90% o f the c u l t i v a t e d
l a n d cannot be i r r i g a t e d and d r y f a r m i n g prac-
t i c e s have t o b e a p p l i e d . Pulse crops ( c h i c k -
pea, l e n t i l , d r y bean, broad bean pea and
kid n e y bean) cover 2.8% of the area sown and
1.8% o f t h e c u l t i v a t e d l a n d .
CHICKPEA CULTIVATION
The Place of Chickpea
in the Agriculture of Turkey
Chickpea had 80-90 thousand h e c t a r e s area
sown and 90-100 thousand tons p r o d u c t i o n u n t i l
1969, w i t h some f l u c t u a t i o n s f r o m y e a r t o year.
I n t h e l a s t f o u r y e a r s , a n i n c r e a s e i n



























Except f o r t h e Black Sea Coasts and t h e
e a s t e r n p a r t o f A n a t o l i a , chickpea i s grown i n
a l l p a r t s o f Turkey w i t h some f l u c t u a t i o n s in 
area sown and p r o d u c t i o n . However, t h e major
growing areas are t h e i n t e r i o r p a r t s o f west
A n a t o l i a (500-60C mm of annual p r e c i p i t a t i o n )
and C e n t r a l and Southeast A n a t o l i a (300-400 mm
o f annual p r e c i p i t a t i o n ) . I r r i g a t i o n i s
n o t a p p l i e d t o chickpeas which are grown




Chickpea has a l o n g h i s t o r y 1n human
n u t r i t i o n and i s known as a n a t i o n a l food crop.
I t i s a l s o used a s l e b l e b i , which i s a k i n d o f
snack. I t i s b e l i e v e d among T u r k i s h people
t h a t l e b l e b i reduces the a c i d i t y 1 n t h e stom-
ach h e l p i n g t o cure u l c e r s . Some types w i t h
dark c o l o r e d seeds are used as animal feeds.
A l s o , p e r e n n i a l types used f o r g r a z i n g .
Chickpea i s a l s o e x p o r t e d almost every y e a r .
In summary, the importance of chickpea
f o r our c o u n t r y i s a s f o l l o w s :
1. Human and animal n u t r i t i o n .
2 . I n c r e a s i n g the f e r t i l i t y o t s o i l s i n
d r y l a n d areas i n crop r o t a t i o n w i t h
c e r e a l s .
3. As an e x p o r t crop of Turkey and t h e r e -
f o r e a c o n t r i b u t o r t o t h e n a t i o n a l
income.
CHICKPEA RESEARCH
Though t h e r e a r e these p o s i t i v e e f f e c t s ,
chickpea has n o t been handled as 1t s h o u l d be.
We s t i l l do no t have a r e g i s t e r e d v a r i e t y
d i s t r i b u t e d t o f a r m e r s . The v a r i e t i e s grown
are e s s e n t i a l l y l o c a l v a r i e t i e s . They can b e
c l a s s i f i e d a c c o r d i n g t o t h e i r seed s i z e , c o l o r
and w e i g h t s . S i z e : a. Ram's head shaped;
b. Pea shaped; c. I n t e r m e d i a t e -- snack t y p e ,
seed coat w r i n k l e d s u p e r f i c i a l l y -- (Genckan
1958).
As mentioned above, t h e r e 1s no n a t i o n a l
p r o j e c t f o r c h i c k p e a growing and b r e e d i n g . I n
t h e t h i r d f i v e - y e a r development p l a n , prepared
in 1970, 116 thousand h e c t a r e s of growing area,
and 150 thousand tons of p r o d u c t i o n were
p r o j e c t e d f o r 1 9 7 5 — b u t n o e f f o r t s are b e i n g
made t o r e a l i z e i t . However, area sown and
p r o d u c t i o n 1n 1973 was more than t h a t p r o j e c t e d





At p r e s e n t , t h e P l a n t Growing and Breed-
i n g Department o f t h e F a c u l t y o f A g r i c u l t u r e
o f t h e U n i v e r s i t y o f Ankara a c t s a s t h e c e n t e r
o f t h e r e s e a r c h o n chickpea. I n a d d i t i o n ,
some a d a p t a t i o n t r i a l s a re made a t t h e
E s k i s e h i r A g r i c u l t u r a l Research I n s t i t u t e and
some m a t e r i a l s are a v a i l a b l e from the Seed
I n t r o d u c t i o n Center i n I z m i r .
Research
A study on t h e c o r r e l a t i o n s between p l a n t
y i e l d and some mo r p h o l o g i c a l c h a r a c t e r s o f
chickpea ( C i c e r a r i e t i n u m L.) has been com-
p l e t e d by P r o f . Dr. Osman Tosun and i s about
t o be p u b l i s h e d . T h i s r e s e a r c h was made w i t h
14 n a t i v e and 87 f o r e i g n v a r i e t i e s in 1973.
A t o t a l of 101 v a r i e t i e s were grouped ac-
c o r d i n g t o seed s i z e (Genckan 1958), c o l o r ,
and w e i g h t , as f o l l o w s :
1. B i g , pale y e l l o w and ram's head shaped.
2. S m a l l , y e l l o w and ram's head shaped.
3. B i g and w h i t e snack t y p e .
4. Black and ram's head shaped.
W i t h i n each of t h e f o u r groups and across
groups y i e l d per p l a n t , 100 seed w e i g h t , height
and s p r e a d i n g at f l o w e r i n g t i m e , pod and seed
number and p r i m a r y and secondary branch number
per p l a n t were i n v e s t i g a t e d f o r a l l p o s s i b l e
c o r r e l a t i o n s . C o e f f i c i e n t s o f y i e l d w i t h each
c o r r e l a t i o n o f the o t h e r c h a r a c t e r s are pre-
sented in Table 1.
Results
C o r r e l a t i o n s between p l a n t y i e l d and 100
seed w e i g h t , seed and pod number: S i g n i f i c a n t
and p o s i t i v e c o r r e l a t i o n s a t t h e 1 % l e v e l were
found between p l a n t y i e l d and seed number and
pod number w i t h i n each of t h e groups and
across groups. No c o r r e l a t i o n was found be-
tween p l a n t y i e l d and 100 seed w e i g h t i n t h e
1 s t , 2nd and 3 r d groups b u t 1n the 4 t h group
where t h e v a r i e t i e s were n o t much d i f f e r e n t
f o r seed and pod number, a p o s i t i v e and
s i g n i f i c a n t c o r r e l a t i o n a t t h e 1 % l e v e l was
f o u n d .
Correlations Between
Plant Yield and Primary
and Secondary Branches
C o r r e l a t i o n s f o r both c h a r a c t e r s i n the
1st group were p o s i t i v e and s i g n i f i c a n t a t the
5 % l e v e l ; in t h e 2nd group and in t h e 4th group
at t h e 1 % l e v e l ; 1n t h e 3rd group f o r primary
branch number a t t h e 1 % l e v e l , f o r secondary
branch number at t h e 5 % l e v e l , and across
groups f o r both c h a r a c t e r s a t the 1 % l e v e l .
Correlations Between Plant Yield
and Plant Height and
Spreading at Flowering Time
Between p l a n t y i e l d and p l a n t h e i g h t , i n
the 1st and 3 r d groups p o s i t i v e and s i g n i f i -
cant a t the 5 % l e v e l ; w i t h i n t h e 2nd and 4 t h
groups and across groups at the 1% l e v e l . No
c o r r e l a t i o n was found between p l a n t y i e l d and
spreading w i t h i n t h e 1 s t and 3rd groups, but
in the 2nd and 4 t h groups and across groups,
and because t h e y were made up o f more v a r i -
e t i e s , p o s i t i v e c o r r e l a t i o n s a t t h e 1 % l e v e l
were found.
Correlations Between
Characters Except Plant Yield
For 100 seed w e i g h t , o n l y i n t h e 4 t h
group, p o s i t i v e c o r r e l a t i o n s a t t h e 1 % l e v e l
were found between p r i m a r y and secondary
branch number, h e i g h t and s p r e a d i n g . In the
1st group, except c o r r e l a t i o n s between seed
number and s p r e a d i n g and between pod number
and s p r e a d i n g , t h e o t h e r c h a r a c t e r s were
c o r r e l a t e d p o s i t i v e l y w i t h each o t h e r , some o f
them b e i n g non-s1gn1f1cant. However among
them, w i t h i n groups and across groups, t h e
h i g h e s t p o s i t i v e c o r r e l a t i o n a t t h e 1 % l e v e l
was between seed and pod number ( 1 s t group
r=0.988**, 2nd group r=0.926**, 3rd group
r=0.992**, 4 t h group r=0.912** and across
groups r=0.914**).
Observations
A s i s seen, a l l o f t h e c h a r a c t e r s except
100 seed w e i g h t and p l a n t spreading have g i v e n
s i g n i f i c a n t c o r r e l a t i o n s w i t h p l a n t y i e l d .
One hundred seed w e i g h t was e f f e c t i v e on y i e l d
o n l y w i t h I n d i v i d u a l s which are n o t much d i f -
f e r e n t i n o t h e r c h a r a c t e r s ( e s p e c i a l l y f o r t h e
pod and seed number). High h e r i t a b i l i t y values
have been r e p o r t e d by o t h e r r e s e a r c h e r s
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(Khosh-Khui and N i k n e j a d 1972, Sandhu and
Singh 1972, Singh e t a l . 1973 and Gupta e t a l .
1974) f o r pod number per p l a n t , branch number
per p l a n t , p l a n t h e i g h t and 100 seed w e i g h t .
The f i r s t t h r e e c h a r a c t e r s appear i m p o r t a n t
f o r p l a n t s e l e c t i o n f o r y i e l d . Where t h e r e i s
n o t much d i f f e r e n c e f o r pod and seed number,
100 seed w e i g h t is to be c o n s i d e r e d an impor-
t a n t c h a r a c t e r f o r s e l e c t i o n .
Spacing and Row Distance
Another s t u d y has been s t a r t e d on the
e f f e c t s o f d i f f e r e n t p l a n t spacing and row
d i s t a n c e on the y i e l d and p l a n t morphology by
P r o f . Dr. Osman Tosun in 1974. A chickpea
v a r i e t y has been sown w i t h 20 cm, 30 cm, 40 cm,
50 cm row spacings and 5 cm, 10 cm, 15 cm,
2 0 cm, p l a n t spacings w i t h f o u r r e p l i c a t i o n s
in each t r e a t m e n t . We a l r e a d y have data f o r
y i e l d per m 2, number of p l a n t s per m 2 , y i e l d
per p l a n t , p l a n t h e i g h t , p r i m a r y and second-
a r y branch number per p l a n t , seed and pod
number per p l a n t and 100 seed w e i g h t which
are b e i n g analyzed s t a t i s t i c a l l y .
Pathology
A study by p a t h o l o g i s t Dr. Haluk Soran
has been s t a r t e d on "Comparative i n v e s t i g a t i o n
o f n a t i v e and f o r e i g n chickpea v a r i e t i e s under
the e c o l o g i c a l c o n d i t i o n s o f C e n t r a l A n a t o l i a
f o r e a r l i n e s s , y i e l d i n g a b i l i t y and r e s i s t a n c e
t o d i s e a s e s " w i t h 3 6 n a t i v e and 1 6 f o r e i g n
v a r i e t i e s . Resistance t o r o o t r o t and
anthracnose are o f s p e c i a l importance i n t h i s
r e s e a r c h .
I n 1973, f i f t y - o n e samples were c o l l e c t e d
from the chickpea growing areas of Turkey and
t h e y have been c l a s s i f i e d i n t o 125 types ac-
c o r d i n g to seed s i z e , c o l o r and seed w e i g h t .
Another group of 35 samples has been o b t a i n e d
from I z m i r Seed I n t r o d u c t i o n Center. A t o t a l
of 160 samples were sown in 1974. There are
180 s i n g l e p l a n t s e l e c t i o n s which d i d not have
any s i g n of disease and had y i e l d s of more
than 10 g per p l a n t which w i l l be sown i n 1975.
Hybridization Studies
In 1973, two w h i t e seeded, h i g h y i e l d i n g
n a t i v e v a r i e t i e s which are not r e s i s t a n t t o
diseases were crossed w i t h one b l a c k seeded
v a r i e t y from I s r a e l and one b l a c k brownish
c o l o r e d v a r i e t y from Morocco which had some
degree o f r e s i s t a n c e . N a t i v e v a r i e t i e s were
used as t h e female p a r e n t .
The parents and t h e i r F 1 g e n e r a t i o n s are
being s t u d i e d f o r p l a n t h e i g h t , p r i m a r y and
secondary branch numbers, pod l e n g t h , w i d t h
and t h i c k n e s s , seed number, seed l e n g t h , w i d t h
and t h i c k n e s s , 100 seed w e i g h t and p l a n t y i e l d .
F 2 p l a n t s w i l l b e i n v e s t i g a t e d i n 1975.
P e r e n n i a l chickpea ( C i c e r m o n t b r e t i i
Jaub. et Spach) c o l l e c t e d from t h e western
p a r t s of Turkey was grown w i t h t h e aim of
h y b r i d i z a t i o n . Though we were not s u c c e s s f u l ,
w e i n t e n d t o c a r r y o n r e s e a r c h i n t h i s s t u d y .
Problems Affecting
Yield and Research Status
As has been mentioned b e f o r e , research on
chickpea is very new in Turkey. N a t i v e e d i b l e
types are a l l s u s c e p t i b l e t o anthracnose and
r o o t r o t t o some degree. Chickpea l e a f miner
f l y i s t h e most harmful i n s e c t . Bruchus sp.
i s not a problem. Good c u l t u r a l techniques
are not w i d e l y used. B r o a d c a s t seeding i s
used 1n general and f e r t i l i z e r and chemical
p r o t e c t i o n are n o t a p p l i e d . T h e r e f o r e we
b e l i e v e t h a t d e t e r m i n a t i o n o f the proper
c u l t u r a l methods and f i n d i n g h i g h y i e l d i n g ,
e a r l y m a t u r i n g and disease r e s i s t a n t v a r i e t i e s
are o f f i r s t importance. Then we can proceed
t o research o n t h e n u t r i t i v e v a l u e o f the crop
i n r e l a t i o n t o t h e p r o t e i n d e f i c i e n c y and
r a p i d l y i n c r e a s i n g p o p u l a t i o n o f our c o u n t r y






I want to know if the p e r e n n i a l chickpea which was grazed by animals
in Turkey was seeded.
I t was growing i n the mountains o f s o u t h e a s t A n a t o l i a and was not
seeded.
I n I r a n , t h e small seeded v a r i e t i e s appeared t o b e found i n the south
w h i l e i n Turkey they were i n the n o r t h , i n the area b o r d e r i n g the
U.S.S.R. I t i s s t r a n g e t h a t t h i s wide s e p a r a t i o n o c c u r r e d .
There has been no l a r g e s c a l e i s s u e of an approved v a r i e t y to farmers
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i n T u r k e y . B lack seeded v a r i e t i e s a r e grown i n s o u t h e a s t A n a t o l i a
and on t h e who le f a r m e r s do n o t grow l a r g e seeded t y p e s . Many
p r i m i t i v e t y p e s a r e s t i l l grown i n remote a r e a s .
I t h i n k t h a t t h e sma l l seeded t y p e s a r e r u d i m e n t s o f seed w h i c h has
been grown f o r g e n e r a t i o n s b y f a r m e r s h a v i n g l i t t l e c o n t a c t w i t h t h e
o u t s i d e w o r l d . I am, however , keen t o know i f t h e s e p r i m i t i v e t y p e s
c o u l d s t i l l be o b t a i n e d 1n Tu rkey o r whe the r t h e t y p e s men t i oned by
Genckan a r e now m i x e d .
The t y p e s a r e s t i l l d i s c r e t e and c o u l d be o b t a i n e d . I a g r e e , however ,
t h a t t h e y are n o t p r e s e n t i n t h e I z m i r c o l l e c t i o n s and wou ld have t o
be l o o k e d f o r .
Would you c a r e t o comment on t h e r e p o r t e d e x p a n s i o n o f p r o d u c t i o n o f
c h i c k p e a i n t h e p a s t f o u r y e a r s i n T u r k e y . I wonder whe the r t h i s i s
due to an expans ion i n t o a reas where t h e c r o p was n o t p r e v i o u s l y
g r o w n , a n i n c r e a s e i n ac reage i n e x i s t i n g a r e a s , o r i n c r e a s e i n p r i c e
wh i ch had encouraged i n t e r e s t i n t h e c r o p .
The p r i c e s a r e n o t v e r y good on t h e w h o l e , b u t t h e p o p u l a t i o n has
i n c r e a s e d and e x p o r t s have been s t i m u l a t e d , and f a r m e r s a p p r e c i a t e
t h e r e t u r n t h e y g e t f o r t h e c r o p . I f e e l t h a t p a r t o f t h e i n c r e a s e d
p r o d u c t i o n i s due t o t h e use o f t h e c h i c k p e a i n r o t a t i o n w i t h t h e
i n c r e a s e d wheat a c r e a g e . Perhaps t h e r e wou ld n o t have been a b i g
i n c r e a s e i n ac reage devo ted e n t i r e l y t o t h e c r o p i n t h e absence o f
t h e s e f a c t o r s .
The o b j e c t o f m y q u e s t i o n i s t o d i r e c t a t t e n t i o n t o n o d u l a t i o n a s a 
f a c t o r i f l a r g e acreages a r e b e i n g opened u p f o r t h e c r o p 1 n
p r e v i o u s l y uncropped a r e a s .
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ON PIGEONPEAS IN TRINIDAD
R. P. Ariyanayagam1
INTRODUCTION
The Importance of Pigeonpea
Crop in General Agriculture
Pigeonpea p r o d u c t i o n i n T r i n i d a d and
Tobago is e s s e n t i a l l y a small f a r m e r s ' e n t e r -
p r i s e . I n terms o f p r o d u c t i o n acreage, i t
i s t h e most i m p o r t a n t leguminous crop i n the
n a t i o n ' s a g r i c u l t u r e . I t o u t s t r i p s b y f a r
t h e p r o d u c t i o n o f cowpeas, t h e next i n produc-
t i o n i m p o r t a n c e . Yet pigeonpea has not
d e p a r t e d w i d e l y from i t s age-old s t a t u s o f a 
backyard s u b s i s t e n c e c r o p . S o t o d e f i n e i t s
i m p o r t a n c e , i t i s necessary t o f i r s t under-
stand t h e a g r i c u l t u r a l o r g a n i z a t i o n o f
T r i n i d a d and Tobago.
The crops grown in T r i n i d a d and Tobago
may be c l a s s i f i e d as s t r i c t l y commercial crops,
such as sugarcane, t o b a c c o , c i t r u s , cocoa,coffee,
c o c o n u t s , and v e g e t a b l e s and those termed
semi-commercial or semi-subsistence crops.
A l l o f t h e crops termed a s commercial except
t o b a c c o , c o c o n u t s , and v e g e t a b l e s have been
t r a d i t i o n a l l y e x p o r t c r o p s . A l l o r most o f
t h e crops termed as semi-commercial or semi-
s u b s i s t e n c e are known as domestic food crops.
These i n c l u d e r i c e , c o r n , pigeonpeas, cowpeas,
r o o t c r o p s , f r u i t s and v e g e t a b l e s , and o t h e r s ,
such as s o r r e l . Some o f these semi-commercial
domestic f o o d crops have e x p o r t market
p o t e n t i a l s . Pigeonpeas are a l r e a d y e x p o r t e d
on a small s c a l e as canned goods.
A survey of pigeonpea producers in 1964
(Cropper and Aryu 1974) showed t h a t t h e
m a j o r i t y o f farms growing pigeonpeas were l e s s
than t e n acres and grew l e s s than t h r e e acres
o f pigeonpeas. Furthermore, t h e m a j o r i t y o f
farms (81%) grew peas as an i n t e r c r o p . Y i e l d s
in t h e survey ranged from 200 to 4000 l b s per
acre of f r e s h peas w i t h an average of 1585 lbs.
Farms producing pigeonpeas b e i n g s m a l l ,
farmers p r e f e r t o s e l l a l a r g e p r o p o r t i o n o f
t h e i r produce r e t a i l o r d i r e c t t o r e t a i l e r s
s i n c e such sales p r o v i d e a much g r e a t e r margin
o f p r o f i t , than s a l e s a t t h e guaranteed p r i c e
paid by the C e n t r a l M a r k e t i n g Agency and t h e
processing p l a n t s . There are t h r e e 1n t h e
c o u n t r y . This guaranteed p r i c e is TT$0.16 per
l b , w h i l e t h e r e t a i l r a t e ranges f r o m TT$0.20
t o 0.46 per l b . Farmers t h e r e f o r e tend t o
l i m i t p r o d u c t i o n t o q u a n t i t i e s t h a t can e a s i l y
b e disposed o f i n t h e r e t a i l market.
T o complete t h e p i c t u r e , i t 1 s necessary
t o compare t h e p r o d u c t i o n o f pigeonpeas t o
o t h e r domestic food c r o p s . Table 1 p r o v i d e s
us w i t h the acreage devoted to domestic food
by c o u n t r y and n a t i o n a l l y f o r t h e year 1971.
This p i c t u r e w i l l a t t h e same t i m e p r o v i d e us
w i t h a n idea o f t h e r e l a t i v e p l a c e o f t h e
pigeonpea crop i n the c r o p p i n g scheme o f the
c o u n t r y . The s t a t u s of pigeonpea p r o d u c t i o n
i n the o t h e r i s l a n d s served b y t h e U n i v e r s i t y
o f the West I n d i e s i s not t o o d i s s i m i l a r t o
t h a t i n T r i n i d a d and Tobago.
Expansion of Cultivation
Data on pigeonpea p r o d u c t i o n or acreage
p l a n t e d i s u n a v a i l a b l e f o r t h e y e a r s a f t e r
1971. F u r t h e r , d a t a c o l l e c t i o n on t h e farms
1s hampered by t h e f a c t t h a t f a r m e r s do n o t
produce pigeonpeas in pure s t a n d s . Rather,
t h e y tend t o I n t e r c r o p t h e i r pigeonpea crop
w i t h food crops such as c o r n and r o o t crops
such as eddoes, yams, or cassava. Hence, t h e
e s t i m a t i o n o f acreages devoted t o pigeonpea
p r o d u c t i o n has been l e f t t o s p e c u l a t i o n and
guesses.
Des p i t e these l i m i t a t i o n s i t i s p o s s i b l e
1
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t o f o r e c a s t t h a t f u t u r e p r o d u c t i o n t r e n d s w i l l
be towards expansion due to i n c r e a s i n g domes-
t i c demands; s e t t i n g u p r e c e n t l y o f t h r e e
p r o c e s s i n g p l a n t s capable o f canning t h e f r e s h
peas as w e l l as t h e d r y seeds; a guaranteed
minimum p r i c e and advances in t e c h n o l o g y .
RESEARCH ORGANIZATION
The F a c u l t y o f A g r i c u l t u r e o f t h e Univer-
s i t y o f West I n d i e s has i n r e c e n t years
assumed l e a d e r s h i p i n r e s e a r c h d e a l i n g w i t h
t h e improvement and p r o d u c t i o n of pigeonpeas.
T h i s was made p o s s i b l e i n i t i a l l y i n 1967, when
t h e R o c k e f e l l e r Foundation p r o v i d e d g r a n t s f o r
r e s e a r c h on g r a i n legumes and r o o t c r o p s . In
1970 Spence and W i l l i a m s (1972) demonstrated
t h a t d w a r f d e t e r m i n a t e v a r i e t i e s p l a n t e d i n
December i n s t e a d of t h e usual May-June p l a n t -
i n g were i m m e d i a t e l y s u b j e c t e d t o f l o w e r
i n d u c i n g c o n d i t i o n s ( s h o r t d a y ) . This made
th e crop amenable to i n t e n s i v e row c r o p p i n g
and m e c h a n i z a t i o n a t a l l l e v e l s , e s p e c i a l l y a t
h a r v e s t i n g . The new system, as may be expect-
e d I n t r o d u c e d s e v e r a l h i t h e r t o unexplored
agronomic and o t h e r problems w a r r a n t i n g c l o s e
c o o p e r a t i o n among many d i s c i p l i n e s o f research.
Hence a m u l t i d i s C i p H n a r y program funded by
I n t e r n a t i o n a l Development Research Center
(Canada) and Overseas Development Agency
(U.K.) was s e t up in 1972. The program
i n c l u d e s t h e f o l l o w i n g areas o f work each w i t h
emphasis on i m p r o v i n g t h e row crop system:
( 1 ) Agronomy; ( 2 ) Crop B r e e d i n g ; (3) Biochem-
i s t r y ; ( 4 ) Crop P r o t e c t i o n ; (5) Economics;
( 6 ) Food Technology; ( 7 ) M i c r o b i o l o g y ; (8)
M i c r o c l i m a t o l o g y ; (9) P h y s i o l o g y ; (10) mecha-
n i z a t i o n (Spence 1972). The d i s c i p l i n e s are
l o c a t e d i n t h e F a c u l t i e s o f A g r i c u l t u r e
E n g i n e e r i n g and N a t u r a l Sciences.
Centers of Research
The r e s e a r c h i n progress a t S t . Augustine
is aimed at i m p r o v i n g pigeonpea p r o d u c t i o n in
t h e Caribbean r e g i o n . Hence, t e s t i n g new
v a r i e t i e s and c u l t u r a l p r a c t i c e s a t s u i t a b l e
l o c a t i o n s w i t h i n t h e r e g i o n i s a n i n t e g r a l
p a r t o f t h e program. Research c e n t e r s f o r
such t e s t i n g extend from a s i t e a t t h e equator
in Guyana up to 18oN in Jamaica. C o l l a b o r a -
t i o n w i t h workers i n F l o r i d a i s p o s s i b l e and
t h i s w i l l a l l o w t e s t i n g as f a r as 26°N. A d d i -
t i o n a l s i t e s can b e o b t a i n e d i n Guadeloupe and
Puerto Rico.
The main b u l k o f t h e r e s e a r c h a c t i v i t y i s
c e n t e r e d a t S t. A u g u s t i n e . L a b o r a t o r y and
greenhouse s t u d i e s a r e c o n f i n e d t o t h e campus,
where r e a s o n a b l y w e l l equipped l a b o r a t o r i e s
e x i s t f o r m i c r o b i o l o g y , crop p r o t e c t i o n , crop
p h y s i o l o g y and o t h e r i n v e s t i g a t i o n s . The
campus a l s o has two t o t h r e e acres o f i r r i g a b l e
l a n d t h a t c o u l d b e used f o r f i e l d experimenta-
t i o n .
The U n i v e r s i t y m a i n t a i n s a 305 acre farm
t h r e e m i l e s west of t h e S t . A u g u s t i n e Campus
f o r r e s e a r c h and e d u c a t i o n a l purposes. A 
r e s e a r c h l a b o r a t o r y , machine shop, r o o t l a b -
o r a t o r y , and h e r b i c i d e t e s t i n g l a b o r a t o r y are
a few o f t h e f a c i l i t i e s a v a i l a b l e a t t h e farm.
A wide range of machinery and wheel t r a c t o r s
are a v a i l a b l e t o o .
T r i n i d a d has a wide v a r i e t y o f s o i l s .
F i v e o f t h e s e , b a s i c a l l y loams, a r e r e p r e s e n t -
e d a t t h e F i e l d S t a t i o n . The t e r r a i n i s
r e l a t i v e l y f l a t . F i e l d s a r e formed i n t o
cambered beds r a n g i n g between 30' and 60' in
w i d t h . S p r i n k l e r i r r i g a t i o n f a c i l i t i e s a r e
a v a i l a b l e f o r a p p r o x i m a t e l y 140 a c r e s . The
breeding e x p e r i m e n t s , m 1 c r o c l i m a t o l o g i c a l
s t u d i e s , and f e r t i l i z e r and c u l t u r a l i n v e s t i -
g a t i o n s are l o c a t e d a t t h e F i e l d S t a t i o n .
Staff Facilities
There are t h r e e c a t e g o r i e s o f s t a f f i n
t h e program.
1 . F u l l t i m e r e s e a r c h personnel i n c l u d e :
the m i c r o b i o l o g i s t , p l a n t p a t h o l o g i s t ,
p l a n t breeder and p l a n t p h y s i o l o g i s t .
2. Teaching or r e s e a r c h personnel of the
U n i v e r s i t y i n t h e a g r i c u l t u r e , b i o -
l o g i c a l sciences and e n g i n e e r i n g
f a c u l t i e s p a r t i c i p a t e i n t h e program
i n v a r y i n g degrees.
3 . The s t a f f o f t h e M i n i s t r i e s o f a g r i -
c u l t u r e o f t h e p a r t i c i p a t i n g c o u n t r i e s
c o l l a b o r a t e i n r e g i o n a l t r i a l s .
EXPERIMENT RESULTS
Microbiology
F o r t y - f i v e Rhizobium s t r a i n s have been
i s o l a t e d from pigeonpea p l a n t s grown i n s o i l
cores c o l l e c t e d t h r o u g h o u t T r i n i d a d . Rhizobium
s t r a i n s adapted t o d i v e r s e s o i l t y p e s w i l l b e
i s o l a t e d u s i n g t h e s o i l c o r e method and w i l l
b e a v a i l a b l e f o r s c r e e n i n g f o r e f f e c t i v e n e s s
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o f n i t r o g e n f i x a t i o n i n a s s o c i a t i o n w i t h
pigeonpea (Donawa and Q u i l t 1973).
Time phase s t u d i e s of nodule development
i n plgeonpea i n d i c a t e low and v a r i a b l e r a t e s
o f n i t r o g e n f i x a t i o n 1 n f i e l d c o n d i t i o n s
t h r o u g h o u t t h e growing p e r i o d o f t h e p l a n t .
T h i s may r e f l e c t low numbers o f Rhizobia pre-
sent i n t h e s o i l and/or f l u c t u a t i o n s i n s o i l
i n o r g a n i c N c o n t e n t f o l l o w i n g p r e c i p i t a t i o n
and c o n c u r r e n t m i n e r a l i z a t i o n of o r g a n i c N.
I n o r g a n i c N a p p l i e d t o s o i l a t r a t e s a s low a s
10 kg N/ha were shown to depress nodule w e i g h t
and N f i x a t i o n .
Plgeonpea v a r i e t i e s grown 1n t h e same
s o i l t y p e d i f f e r e d 1 n dominant Rhizobium s t r a i n
f o r m i n g nodules o n t h e p l a n t . Thus t h e I n d i a n
v a r i e t y (UF 3104) appeared t o s e l e c t a dom-
i n a n t Rhizobium s t r a i n markedly d i f f e r e n t f r o m
t h a t a s s o c i a t e d w i t h t a l l and dwarf v a r i e t i e s .
T h i s f a c t suggests t h a t e f f e c t i v e Rhizobium
p a r t n e r s of plgeonpea c o u l d be e l i m i n a t e d 1n
a b r e e d i n g program, 1f s u f f i c i e n t care was n o t
e x e r c i s e d .
M o d u l a t i o n o n t h r e e v a r i e t i e s o f pigeon-
pea (Dwarf, I n d i a n , T a l l ) grown under a range
o f s o i l m o i s t u r e d e f i c i e n c i e s was examined.
In each v a r i e t y a marked d e p r e s s i o n of nodule
d r y w e i g h t o c c u r r e d (Up t o ' 8 4 % ) a s s o i l mois-
t u r e d e f i c i t i n c r e a s e d .
Microclimatology
Row c r o p p i n g of plgeonpea I n v o l v e s grow-
i n g t h e c r o p i n t h e d r y season. I n a d d i t i o n
some o f t h e i s l a n d s a r e very a r i d ( T a b l e 2 ) .
A l t h o u g h plgeonpea is f r e q u e n t l y c i t e d as
b e i n g a d r o u g h t r e s i s t a n t s p e c i e s , t h e n a t u r e
o f t h e r e s i s t a n c e has n o t been a d e q u a t e l y
c h a r a c t e r i z e d . S t u d i e s I n t e n d e d to d e s i g n a t e
t h e m i c r o c l i m a t e i n r e l a t i o n t o d r o u g h t s t r e s s ,
and f a c t o r s l i k e l y t o b e o f Importance i n





A c o n t a i n e r experiment designed to s t u d y
f o u r s o i l m o i s t u r e c o n d i t i o n s o n t h r e e
c o n t r a s t i n g v a r i e t i e s o f plgeonpea has been
completed. P r e l i m i n a r y i n d i c a t i o n s a r e t h a t
t h e r e was a s i g n i f i c a n t e f f e c t o f t h e s o i l
m o i s t u r e t r e a t m e n t s , b u t l i t t l e d i f f e r e n t i a l
response among v a r i e t i e s .
Stomatal Resistance
Stomatal r e s i s t a n c e i s b e i n g determined
w i t h a d i f f u s i o n porometer. P r e l i m i n a r y d a t a
i n d i c a t e t h a t stomata i n t h e upper e p i d e r m i s
appear t o b e more s e n s i t i v e t o r e d u c t i o n i n
l e a f water p o t e n t i a l . Under d r y c o n d i t i o n s
values of around 20 sec cm - 1 have been r e c o r -
ded whereas t y p i c a l values f o r w e l l watered
p l a n t s were t h r e e t o f i v e sec cm-1.
An i n c r e a s e in s t o m a t a l r e s i s t a n c e may
be expected to reduce t r a n s p i r a t i o n to a 
g r e a t e r e x t e n t t h a n i t w i l l reduce photosyn-
t h e s i s , s i n c e t h e pathway f o r carbon d i o x i d e
e n t r y i n c l u d e s l a r g e a d d i t i o n a l r e s i s t a n c e s
a s s o c i a t e d w i t h t h e mesophyll (Spence and
Fordham 1973). Water use e f f i c i e n c y may
p r o b a b l y b e i n c r e a s e d b y breeding f o r h i g h
s t o m a t a l r e s i s t a n c e . More d e t a i l e d i n f o r m a -
t i o n o n v a r i e t a l d i f f e r e n c e s t o s t o m a t a l
r e s i s t a n c e w i l l b e undertaken s h o r t l y .
Drought Hardening
P r e l i m i n a r y o b s e r v a t i o n s i n d i c a t e d t h a t
p r e s o a k i n g and d r y i n g of plgeonpea seeds
m i g h t be e f f e c t i v e in Improving s e e d l i n g
growth under d r y c o n d i t i o n s .
Crop Physiology
The p a r t i t i o n i n g o f d r y m a t t e r was
I n v e s t i g a t e d (Spence and Edwards 1973) 1n
t h r e e c o n t r a s t i n g v a r i e t i e s ? t a l l , i n t e r m e -
d i a t e and U.W.I. Dwarf. F i g u r e 1 shows d r y
m a t t e r a l l o c a t i o n t o v a r i o u s p a r t s o f t h e
p l a n t in a U.W.I, v a r i e t y o f d e t e r m i n a t e
h a b i t .
Dry m a t t e r a l l o c a t i o n t o v e g e t a t i v e
s t r u c t u r e s , i t may b e n o t e d , c o n t i n u e s unabat-
e d d u r i n g t h e p e r i o d when r e p r o d u c t i v e p a r t s
show an ascending t r e n d . Probably due to t h e
simultaneous a d d i t i o n o f d r y m a t t e r t o veg-
e t a t i v e a s w e l l a s r e p r o d u c t i v e o r g a n s , t h e
h a r v e s t Index o f t h i s v a r i e t y was 20%. Pub-
l i s h e d d a t a f o r d e t e r m i n a t e soybean o n t h e
o t h e r hand showed t h a t leaves senesce a t
about t h e t i m e t h a t t h e w e i g h t o f reproduc-
t i v e s t r u c t u r e s i n c r e a s e and h a r v e s t Index i n
t h i s v a r i e t y exceeded 5 0 % ( E g l i and L e g g e t t
1973). Unpublished d a t a o f t h e a u t h o r i n -
v o l v i n g s e v e r a l e a r l y and medium m a t u r i t y
pigeonpea v a r i e t i e s i n d i c a t e d t h a t h a r v e s t
Index ranged f r o m 12% to 30%.
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Agronomy
Row c r o p p i n g a t h i g h p l a n t p o p u l a t i o n s o f
55,400 p l a n t s per acre as a g a i n s t 6000 p l a n t s
1 n t h e t r a d i t i o n a l system gave gross p r o f i t s
o f $270.00, w h i l e t h e p r o f i t i n t r a d i t i o n a l
system was $167.00. V a r i e t i e s have a l s o been
f o u n d t o respond d i f f e r e n t l y t o p l a n t popula-
t i o n changes (Personal communication J.A.
Spence and A. Edwards). E f f o r t s are underway
t o s e l e c t p l a n t types capable o f h i g h produc-
t i o n a t t e n s e p l a n t s t a n d s .
Crop Protection
Sclerotium Rolfsii Disease
Young s e e d l i n g s between t h e ages of 27
and 45 days were found to be s u s c e p t i b l e to
S c l e r o t i u m r o l f s i i w i l t . The f i r s t symptom
o f t h e d i s e a s e i s d r o o p i n g o f t h e l e a v e s . I n
e l d e r p l a n t s t h i s i s more e v i d e n t i n t h e lower
l e a v e s . W i t h i n f i v e days a dark brown
n e c r o t i c l e s i o n appears a t t h e base o f t h e
stem, o n which mycelium c o n t a i n i n g s c l e r o t i a
develop. The r o o t system o f w i l t e d p l a n t s
show e x t e n s i v e n e c r o s i s (Phelps 1973).
The pathogen is s a p r o p h y t i c on dead
l e a v e s and stem s e c t i o n s o f Paspalum f a s c i c u l -
atum, which i s a common weed i n many p a r t s o f
T r i n i d a d . . I n f e c t i o n occurs i f c o l o n i z e d sec-
t i o n s o f t h e weed a r e p r e s e n t c l o s e t o t h e
h o s t .
D i f f e r e n c e s in s u s c e p t i b i l i t y among v a r i -
e t i e s have been n o t i c e d . Most o f t h e d e t e r -
minate v a r i e t i e s t e s t e d were h i g h l y suscep-
t i b l e , b u t s e m i - d e t e r m i n a t e v a r i e t i e s f r o m
I n d i a , 10/246, 4/95 and 5/119, showed marked
t o l e r a n c e t o t h e pathogen.
Mechanical Harvesting
The i n i t i a l d e s i g n c o n s i s t e d o f a r e c i p r o -
c a t i n g mower t h a t c u t s p l a n t s 0.3m fr o m t h e
ground and a v i n i n g machine to remove pods
f r o m t h e c u t branches b e f o r e p a s s i n g them t o
t h e s h e l l e r , which i s a n Independent u n i t .
When t h e mower/viner were t e s t e d 1 t became
apparent t h a t s e p a r a t i n g pods f r o m p l a n t s
c o u l d b e e f f e c t e d much more e a s i l y w h i l e t h e
branches were s t i l l a t t a c h e d t o t h e bush. A 
combining d e v i c e was developed t o p e r f o r m t h i s
f u n c t i o n s a t i s f a c t o r i l y . However, s e v e r a l
problems a s s o c i a t e d w i t h t h i s d e v i c e remain t o
be s o l v e d . U n i f o r m growth of p l a n t s was found
c r i t i c a l , t o a v o i d p l a n t s wrapping around t h e
r e e l . P l a n t t o p l a n t v a r i a t i o n n o t exceeding
6 inches was assessed i d e a l f o r e f f i c i e n t
h a r v e s t i n g (Dennis and Naryan 1973). Selec-
t i o n f o r p l a n t p o p u l a t i o n s w i t h t h i s r e q u i r e -
ment w i l l be a t t e m p t e d . I n t h e meantime,
improvements o n t h e combining d e v i c e t o e l i m -
i n a t e wrapping around t h e r e e l are i n progress.
BREEDING
A n e x t e n s i v e b r e e d i n g e f f o r t s t a r t e d i n
January, 1974, has been c a r r i e d f o r w a r d to t h e
second g e n e r a t i o n . The o b j e c t i v e s o f t h e
program w i l l b e d e a l t w i t h i n b r i e f here. The
emphasis, as i n t h e e a r l i e r programs w i l l be
ce n t e r e d on f r e s h peas s i n c e t h e demand f o r
t h i s p r o d u c t 1s expected to expand 1n t h e
y e a r s ahead. However, s e l e c t i o n a n d , i f nec-
ess a r y , b r e e d i n g f o r dhal v a r i e t i e s w i l l
r e c e i v e a t t e n t i o n a s l o c a l p r o d u c t i o n i s l i k e -
l y t o b e encouraged.
For f r e s h peas, t h e s h o r t t e r m o b j e c t i v e
i s t o breed v a r i e t i e s s u i t a b l e f o r row c r o p
c u l t i v a t i o n o f t h e c r o p , s o t h a t l a t e p l a n t i n g
c o u l d b e combined w i t h t h e c o n v e n t i o n a l e a r l y
p l a n t i n g t o e x t e n d t h e a v a i l a b i l i t y o f h i g h e r
pigeonpea y i e l d s f r o m October t o A p r i l . The
l o n g t e r m aim i s t o push t h e p e r i o d o f a v a i l -
a b i l i t y o f peas t o cover a l l t h e months o f
t h e y e a r .
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T - TOTAL DRY MATTER
The main Characters envisaged in the
f u t u r e p l a n t t y p e f o r t h e s h o r t and long term
programs a r e : ( a ) dwarf h a b i t ; (b) d e t e r m i n a t e
podding h a b i t ; ( c ) e i t h e r r e s i s t a n c e o r f i e l d
t o l e r a n c e to r u s t ; ( d ) l a r g e pods - 6 or more
seeds; ( e ) l a r g e seeds; ( f ) a c c e p t a b l e cooking
q u a l i t y and f l a v o r ; ( g ) e a r l i n e s s .
As i n f o r m a t i o n on t r a i t s such as p r o t e i n
c o n t e n t and b i o l o g i c a l v a l u e , drought r e s i s -
t a n c e , h a r v e s t index, p r o d u c t i o n e f f i c i e n c y ,
n i t r o g e n u t i l i z a t i o n , day n e u t r a l c h a r a c t e r
e t c . become a v a i l a b l e and when germplasm f o r
these c h a r a c t e r s are i d e n t i f i e d , t h e y w i l l
be i n t r o d u c e d i n t o t h e main gene p o o l .
At t h e moment t h e search f o r some of
these t r a i t s i s conducted through r o u t i n e
s c r e e n i n g o f i n t r o d u c t i o n s from a l l corners
o f t h e w o r l d . Arrangements a r e a l s o underway
t o Induce m u t a t i o n s f o r these t r a i t s b y
c o b a l t 60 gamma r a y s , X r a y s , n e u t r o n i r r a d i a -
t i o n s and chemical mutagens.
In o r d e r to accommodate t h e main charac-
t e r s and t o make the program e l a s t i c enough t o
i n t r o d u c e d e s i r a b l e c h a r a c t e r s a t l a t e r stages
i n t h e breeding program, a d i a l l e l s e l e c t i v e
mating scheme, based on t h e proposals of
Jensen (1970) f o r small g r a i n s i s i n o p e r a t i o n .
A t e n p a r e n t d i a l l e l mating has been accom-
p l i s h e d among F1 s i n g l e crosses.
With r e s p e c t t o e x t e n d i n g t h e p e r i o d o f
a v a i l a b i l i t y o f pass beyond A p r i l , i t i s
observed t h a t c e r t a i n genotypes i n t r o d u c e d
from I n d i a and A f r i c a f l o w e r f r e e l y d u r i n g
long day c o n d i t i o n s . Tests t o a s c e r t a i n the
c r i t i c a l d a y l e n g t h o f t h i s germplasm i s ex-
pected t o commence s h o r t l y . I n the meantime,
t h i s germplasm i s being crossed w i t h l o c a l
m a t e r i a l t o t r a n s f e r t h e i r a b i l i t y t o f l o w e r
d u r i n g t h e l o n g day p e r i o d s of May, June and
J u l y .
GERMPLASM COLLECTION
The germplasm c o l l e c t i o n may be grouped
i n t o (a) r e c e n t i n t r o d u c t i o n s o b t a i n e d from
October 1973 onwards; (b) s e l e c t i o n s w i t h a 
h i s t o r y o f e i g h t t o t e n g e n e r a t i o n s o f s e l f
m a ting.
The second group i n i t i a l l y produced by
H.J. Gooding in 1956 and developed by V. Royes
c o n s i s t s o f 1 8 c u l t i v a r s . These i n c l u d e b o t h
d e t e r m i n a t e and i n d e t e r m i n a t e types b u t a l l
are d a y l e n g t h s e n s i t i v e , l a t e m a t u r i n g ,
produce l a r g e pods and seeds, and are w e l l
accepted i n t h e Caribbean Market. I n t h i s
group 1s i n c l u d e d a c u l t i v a r known to possess
r e s i s t a n c e t o r u s t . Another seems t o possess
f i e l d t o l e r a n c e t o pod b o r e r damage. The
ha r v e s t Index o f t h i s group i s low.
The o r i g i n o f t h e r e c e n t i n t r o d u c t i o n s
and number of s t r a i n s I n t r o d u c e d are shown
below:
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The i n t r o d u c t i o n s f r o m t h e Caribbean area,
w i t h t h e e x c e p t i o n o f those o b t a i n e d from
Puerto Rico, are g e n e r a l l y i n d e t e r m i n a t e , l a t e ,
l a r g e seeded t y p e s . The c u l t i v a r s f r o m the
o t h e r sources are t y p i c a l l y small seeded, and
may have o r i g i n a t e d a t some e a r l i e r p e r i o d
from I n d i a . T h i s group c o n t a i n s e a r l y , medium
and d a y l e n g t h s e n s i t i v e c u l t i v a r s . P r e l i m -
i n a r y I n v e s t i g a t i o n s show t h a t t o l e r a n c e t o
r u s t may be pr e s e n t I n some o f the r e c e n t l y
i n t r o d u c e d c u l t i v a r s . Harvest Index among t h e
e a r l y and medium c u l t i v a r s i s g e n e r a l l y h i g h e r
than the Caribbean germplasm, but i t has n o t
exceeded 30%.
The commercial c u l t i v a r s o f today i n c l u d e
those developed i n t h e f i r s t pigeonpea Im-
provement e f f o r t o f 1934 and the 1956 e f f o r t
of H.J. Gooding. The e a r l i e s t r e l e a s e s were
St. A u g u s t i n e , Tobago and L a s i b a . These a r e
t a l l , i n d e t e r m i n a t e , l a r g e seeded, l a t e , day-
l e n g t h s e n s i t i v e c u l t i v a r s ; Tobago and Laslba
are p o p u l a r w i t h small f a n n e r s even today.
The former is cla i m e d to have a s o f t seed coat
and in t h e green stage 1s claimed to be sweet.
Lasiba bears u s u a l l y seven t o n i n e l a r g e seeds
per pod. T h i s v a r i e t y produces a r a t h e r t h i c k
w a l l e d pod, which appears t o have f i e l d
t o l e r a n c e to pod b o r e r damage.
Several d e t e r m i n a t e , semidwarf c u l t i v a r s
came o u t o f t h e 1956 e f f o r t . The most p o p u l a r
among these are GC 12/3, GI 26/2, and GI 54/3.
These c u l t i v a r s have a s h o r t e r c r o p p i n g p e r i o d
than t h e e a r l i e r r e l e a s e s and are amenable t o
row c r o p p i n g 1 f p l a n t e d i n December. L i k e t h e






The market v a l u e and consumer p r e f e r e n c e
o f f r e s h peas i s governed b y t h e appearance,
s i z e and s t a g e o f m a t u r i t y o f t h e peas.
Hence, h a r v e s t i n g most o f t h e c r o p a t t h e
a p p r o p r i a t e stage o f m a t u r i t y , i f n o t a l l , i n
as few h a r v e s t s as p o s s i b l e would ensure p r o f -
i t a b l e y i e l d s . T h i s , however, does n o t occur
i n p r a c t i c e due t o d i f f e r e n c e s i n stage o f
m a t u r i t y among pods b o t h w i t h i n and between
p l a n t s o f commercial p o p u l a t i o n s o f t h e c r o p .
The w 1 t h 1 n - p l a n t v a r i a t i o n f o r m a t u r i t y o f t h e
commercial d e t e r m i n a t e c u l t i v a r s , i s a f f e c t e d
b y two f a c t o r s : ( a ) t h e f l o w e r s i n t h e
compressed f l o w e r i n g s t a l k open f r o m t h e
p e r i p h e r y Inwards, and t h e I n t e r v a l o f f l o w -
e r i n g between t h e o u t e r m o s t and Innermost t o
open i s g r e a t ; ( b ) f l o w e r bud d i f f e r e n t i a t i o n
1s v a r i a b l e among branches o f i n d i v i d u a l
p l a n t s . M a t u r i t y d i f f e r e n c e s a r i s i n g f r o m
t h e s e two f a c t o r s a r e g e n e r a l l y l a r g e r t h a n
t h e between p l a n t d i f f e r e n c e s . I t i s p o s s i b l e
t o reduce t h e l a t t e r v a r i a t i o n b y a p p r o p r i a t e
c u l t u r a l and management p r a c t i c e s . Up t o now,
germplasm f o r reduced w i t h i n - p l a n t m a t u r i t y
v a r i a t i o n has n o t been i d e n t i f i e d .
Abscission of Flowers and Pods
Another f a c t o r t h a t c o u l d have a n i n -
f l u e n c e o n y i e l d i s a b s c i s s i o n o f f l o w e r s and
pods. Pigeonpea produces many more f l o w e r s
t h a n pods, p r o b a b l y as an I n s u r a n c e a g a i n s t
adverse c o n d i t i o n s . I n t h e Caribbean a r e a ,
pod s e t of 3.6%-17.6% and 4.0%-19.1% f o r two
c u l t l v a r s i n Guadeloupe ( D e r i e u x 1971); 2.2%-
63% in Jamaica (Hammerton 1974) and approx-
i m a t e l y 35% in T r i n i d a d have been r e p o r t e d
( P ersonal communication A. Edwards).
A b s c i s s i o n has been noted to occur m o s t l y
w i t h i n f o u r t o n i n e days o f f l o w e r s opening 1 n
Jamaica (Hammerton 1974). S i m i l a r t r e n d s were
observed ( P e r s o n a l communication A. Edwards)
in T r i n i d a d . D i f f e r e n c e s among v a r i e t i e s f o r
pods r e a c h i n g m a t u r i t y have been r e p o r t e d "
(Hammerton 1974). D e t a i l e d i n v e s t i g a t i o n I n t o
t h i s aspect i s i n p r o g r e s s a t T r i n i d a d w i t h
the view t o l o c a t e d e s i r a b l e genotypes.
Other Factors Influencing Yield
B i o l o g i c a l y i e l d , h a r v e s t i n d e x and p r o -
d u c t i o n e f f i c i e n c y a r e o t h e r f a c t o r s l i k e l y t o
i n f l u e n c e y i e l d o f pigeonpeas. P r e l i m i n a r y
i n v e s t i g a t i o n s f o r h a r v e s t Index i n v o l v i n g
s e v e r a l e a r l y and medium c u l t l v a r s f r o m I n d i a
and t h e Caribbean area showed v a r i a t i o n s




Some f e a t u r e s o f l a t e p l a n t i n g and row
c r o p p i n g were d i s c u s s e d e a r l i e r . I t 1 s a n t i c -
i p a t e d t h a t t h e t r a d i t i o n a l system, a t l e a s t
i n t h e l a r g e r commercial f a r m s , w i l l b e
r e p l a c e d by t h e new system 1n t h e y e a r s ahead.
With t h e advent of row c r o p p i n g , problems
r e l a t e d t o e f f i c i e n t use o f l a n d , I n t r o d u c t i o n
o f s u i t a b l e crops t o f i l l t h e gap between May
and December when t h e l a n d w i l l remain f a l l o w ,
f e r t i l i z e r and management problems r e l a t e d t o
t h e new s u t u a t i o n a r e expected t o a r i s e . T h i s
1 s one area r e c e i v i n g l i m i t e d a t t e n t i o n a t t h e
moment.
W i t h r e g a r d t o n u t r i t i o n a l q u a l i t y ,
germplasm w i t h d e s i r a b l e l e v e l s o f s u l p h u r
c o n t a i n i n g amino a c i d s and h i g h b i o l o g i c a l
v a l u e a r e y e t t o b e i d e n t i f i e d . F a c i l i t i e s
t o screen f o r amino a c i d l e v e l s and p r o t e i n
q u a l i t y e x i s t i n t h e r e g i o n . High p r o t e i n
germplasm, when I d e n t i f i e d , w i l l be channeled
i n t o t h e e l i t e gene p o o l .
J.C. Davies:
DISCUSSION
You s a i d t h a t you have t h e v a r i e t y L a s l b a which produces a t h i c k -
w a l l e d pod and is t h e r e f o r e t o l e r a n t to t h e pod b o r e r damage. What











D a r t :
Saxena:
Royes:
I t is t h e common b o r e r , b u t I do n o t know t h e name.
You have s t a t e d 1n your paper t h a t 1n t h e v a r i e t i e s you s t u d i e d , a 
marked depression of nodule d r y w e i g h t o c c u r r e d (up to 84%) as s o i l
m o i s t u r e d e f i c i t Increased. Would you e l a b o r a t e o n t h i s ?
Dr. Dart may want t o comment on t h i s .
A s you i n c r e a s e s o i l m o i s t u r e t e n s i o n , t h e nodule w e i g h t decreases.
The mechanism however is n o t c l e a r . I must p o i n t o u t t h e r e a r e
d i f f i c u l t i e s 1 n working o u t s a t i s f a c t o r y methodology f o r such
s t u d i e s .
I want t o make a comment. We found t h a t when n i t r o g e n was a p p l i e d
l a t e 1 n t h e season, i t pushed u p t h e p r o t e i n c o n t e n t o f t h e g r a i n .
I t h i n k we should have more data on t h e aspect of n i t r o g e n - p r o t e i n
r e l a t i o n s h i p .
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STATUS OF RESEARCH ON
PIGEONPEAS IN PUERTO RICO
R. Abrams1
IMPORTANCE OF CROP
Pigeonpeas are produced in Puerto Rico
f o r canning and f o r t h e f r e s h market. The
f a r m v a l u e o f t h e crop i s e s t i m a t e d a t present
t o b e o v e r t h r e e m i l l i o n d o l l a r s per year.
D u r i n g t h e l a s t two decades, t h e farm
v a l u e o f t h e c r o p has i n c r e a s e d c o n t i n u o u s l y
m a i n l y due t o t h e i n c r e a s e i n demand f o r
c a n n i n g , f o r t h e f r e s h l o c a l market and f o r
s h i p p i n g as f r e s h and canned produce to the
c o n t i n e n t a l market, m a i n l y New York and
Chicago. The demand f o r t h e f r e s h l o c a l and
e x p o r t market as w e l l as f o r canning 1s ex-
pected t o i n c r e a s e i n t h e f u t u r e a c c o r d i n g t o
p r e s e n t t r e n d s .
I n t h i s paper I w i l l d i s c u s s t h e most
r e l e v a n t r e s e a r c h work w i t h pigeonpeas con-
ducted b y t h e U n i v e r s i t y o f Puerto Rico.
PIGEONPEA CULTIVATION
Weed Control
Because pigeonpeas are f a s t growing
p l a n t s t h a t r a p i d l y shade t h e s o i l (4 t o 5 
weeks), e a r l y season weed c o n t r o l is most
i m p o r t a n t . During t h e l a s t f i v e y e a r s , several
preemerge h e r b i c i d e s have been t e s t e d and
e v a l u a t e d f o r s u c c e s s f u l weed c o n t r o l w i t h o u t
d e t r i m e n t a l e f f e c t s 1 n y i e l d . O f t h i s group,
Prometryne ( c o m m e r c i a l l y Caparol) a t t h e r a t e
of 3.33 kg/ha has been t h e most e f f e c t i v e
p r o v i d i n g a p r o t e c t i o n of 4 to 5 weeks f r e e of
weeds.
Paraquat ( c o m m e r c i a l l y Gramaxone) at t h e
r a t e o f 1.18 I i t e r / h a i s recommended f o r p o s t -
emergent weed c o n t r o l when necessary and p l a n t s
a r e about 45 cm t a l l .
Lime and Fertilizers
The r e s e a r c h work conducted on t h i s area
in Puerto Rico i n d i c a t e s t h a t pigeonpea does
n o t respond t o f e r t i l i z e r a p p l i c a t i o n s . The
d a t a in Table 1 show t h e e f f e c t o f d i f f e r e n t
l e v e l s of N, P, and K w i t h and w i t h o u t Ca, Mg
and c a l c i u m s i l i c a t e o n y i e l d , p l a n t h e i g h t ,
date o f f l o w e r i n g , seed w e i g h t and p r o t e i n
c o n t e n t o f pigeonpeas. N o s i g n i f i c a n t d i f f e r -
ence r e s u l t e d between t h e s e v e r a l f e r t i l i z e r
t r e a t m e n t s and t h e c o n t r o l f o r any o f t h e
above p l a n t c h a r a c t e r s o r m i n e r a l elements.
This study c o n f i r m s p r e v i o u s r e s u l t s showing
t h a t f e r t i l i z e r t r e a t m e n t s have no e f f e c t on
y i e l d and p r o t e i n c o n t e n t o f pigeonpeas.
A p p a r e n t l y pigeonpea makes an e f f i c i e n t use o f
th e m i n e r a l s p r e s e n t i n t h i s oxysol t o meet
i t s r e q u i r e m e n t s .
Date of Planting, Row Width,
and Plant Populations
During 1970-71, an experiment was e s t a b -
l i s h e d t o determine t h e e f f e c t o f p l a n t i n g
d a t e , p l a n t p o p u l a t i o n and row s p a c i n g on
green pod y i e l d , date o f f l o w e r i n g , p l a n t
h e i g h t , p r o t e i n c o n t e n t o f t h e d r y seed and o n
the components o f y i e l d . F i g u r e 1 i n d i c a t e s
t h a t green pod y i e l d s were s i g n i f i c a n t l y h i g h e r
1n t h e e a r l y p l a n t i n g s of A p r i l , May and June
than i n t h e l a t e p l a n t i n g s o f September and
October. Y i e l d a l s o tended t o b e h i g h e r a t
lower spacing between rows and h i g h e s t popula-
t i o n r e g a r d l e s s o f row spacing.
P l a n t h e i g h t , number o f days t o f l o w e r
and p r o t e i n p e r c e n t of t h e d r y seed were
u n a f f e c t e d by row spacing and p l a n t p o p u l a t i o n .
A l l these c h a r a c t e r s were a f f e c t e d s i g n i f i -
c a n t l y by date of p l a n t i n g . F i g u r e s 2 and 3 
show t h e e f f e c t o f p l a n t i n g date o n p l a n t
h e i g h t and number of days to f l o w e r .
O f t h e y i e l d components, pods per p l a n t
i n c r e a s e d markedly as spacing was i n c r e a s e d
w i t h e a r l y p l a n t i n g s . Seed s i z e and number o f
seeds per pod were n o t a f f e c t e d by date of
p l a n t i n g , row spacing and p l a n t p o p u l a t i o n .
Cultural Practices
A group of f o u r d e t e r m i n a t e and f o u r in-
d e t e r m i n a t e t y p e l i n e s o f pigeonpeas were
grown d u r i n g 1970-71 t o determine t h e e f f e c t
U n i v e r s i t y of Puerto Rico, Mayaguez, Puerto Rico
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1
F i g u r e 1 . E f f e c t o f D a t e o f P l a n t i n g o n Y i e l d o f G r e e n P o d s
o f P i g e o n p e a
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T a b l e 1. T h e Ef fect of Dif ferent Leve ls of N, P, and K With and Without Ca , Mg and Calcium Si l icate
Date , P lant Height , Seed Weight, Green Pod Y i e l d and Protein Content of Kaki Pigeonpea














































































P l a n t i n g t o
f l o w e r i n g











Y i e l d
kg /ha
6 , 0 5 3 . 4
5 , 8 2 9 . 2
5 , 6 0 5 . 0
5 , 6 0 5 . 0
6 , 0 5 3 . 4
5 , 7 1 7 . 1
5 , 6 0 5 . 0
5 , 8 2 9 . 2
5 , 4 9 2 . 9
Weigh t p e r
100 seeds
grams
3 9 . 6
3 5 . 8
3 8 . 8
3 7 . 9
3 8 . 2




on F lower ing
P r o t e i n
p e r c e n t
2 1 . 3
2 0 . 6
2 1 . 4
2 1 . 8
2 1 . 2
2 1 . 1
2 1 . 5
2 1 . 1
2 1 . 0
P L A N T I N G T I M E
Figure 2. Effect of Date of Planting on Plant Height of Pigeonpea
Figure 3. Effect of Date of Planting on Days to Flower for Pigeonpea
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P L A N T I N G T I M E
of m e c h a n i c a l , hand, chemical and no weed
c o n t r o l p r a c t i c e s o n t h e y i e l d o f pigeonpeas.
GENETIC STUDIES
T a b l e 2 shows t h a t t h e chemical weed
c o n t r o l t r e a t m e n t i n c r e a s e d s i g n i f i c a n t l y t h e
green pod y i e l d o f plgeonpeas a s compared w i t h
t h e o t h e r t h r e e t r e a t m e n t s .
W i t h t h e d e t e r m i n a t e t y p e group, t h e
y i e l d s were i n general t h e same f o r a l l t r e a t -
ments. T h i s group o f l i n e s a r e e a r l y s h o r t
c y c l e p l a n t s and a p p a r e n t l y t h i s e x p l a i n s t h e
no t r e a t m e n t response as shown in Table 3.
BREEDING PROGRAM
Our b r e e d i n g program 1s focused towar d
two main o b j e c t i v e s :
a ) T o develop h i g h y i e l d i n g h i g h q u a l i t y
i n d e t e r m i n a t e types o f e a r l y , i n t e r m e -
d i a t e and l a t e m a t u r i t y groups.
b) To develop semidwarf or dwarf d e t e r -
m i n a t e types r e s i s t a n t t o l e a f r u s t
and adapted f o r mechanical h a r v e s t i n g .
T a b l e 4 summarizes r e s u l t s o f t h e l a s t
two y e a r s ' t r i a l s which i n c l u d e s s e l e c t i o n s
f r o m t h e i n d e t e r m i n a t e t y p e group. I t can b e
observed t h a t a group o f these s e l e c t e d l i n e s
a r e s u p e r i o r i n y i e l d t o t h e commercial v a r i -
e t i e s I n c l u d e d . We have in progress a seed
I n c r e a s e program t o r e l e a s e t h e s u p e r i o r
m a t e r i a l f o r t h e f a r m e r s .
With t h e d e t e r m i n a t e t y p e group we have
been c o n d u c t i n g t r i a l s p l a n t i n g l a t e i n t h e
season, i . e . , August, September, October,
November and December at v e r y h i g h p o p u l a t i o n
r a t e s . The r e s u l t s a r e shown in Table 5. We
a r e very o p t i m i s t i c about t h i s group o f l i n e s
because a t p o p u l a t i o n s o f 143,318 p l a n t s / h a ,
we have o b t a i n e d y i e l d s above 50 q u i n t a l s / h a
o f green pods. I n a d d i t i o n , these l i n e s w i l l
come i n t o p r o d u c t i o n d u r i n g February, March
and A p r i l , e x t e n d i n g t h e p r o d u c t i o n p e r i o d two
more months, and t h e y a r e w e l l adapted f o r
mechanical h a r v e s t i n g s i n c e t h e i r mean p l a n t
h e i g h t is a p p r o x i m a t e l y 70 cms.
At p r e s e n t we are a l s o f o c u s i n g our
b r e e d i n g program toward t h e development o f
t r u e dwarf p l a n t s ( n o t more t h a n 60 cms t a l l )
w hich a r e p h o t o p e r i o d i n s e n s i t i v e . T o t h i s
end we have t r e a t e d seeds of our s h o r t e s t and
e a r l i e s t l i n e , 28-Bushy, w i t h gamma rays t r y -
i n g t o induce m u t a t i o n s toward t h e s e t y p e s .
We have been I n t r o d u c i n g m a t e r i a l f r o m I I T A ,
I n d i a , and T r i n i d a d which c o u l d b e u s e f u l i n
Our breeding program toward these o o a l s .
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Natural Cross-Pollination
The e x t e n t o f n a t u r a l c r o s s - p o l l i n a t i o n
o c c u r r i n g i n plgeonpeas i n Puerto R1co has
been d e t e r m i n e d by means of g e n e t i c markers.
Homozygous l i n e s w i t h t h e dominant marker r e d
f l o w e r and maroon b l o t c h e d pods were p l a n t e d
a d j a c e n t t o l i n e s h a v i n g t h e r e c e s s i v e marker
y e l l o w flower and green pods. R e s u l t s showed
t h a t c r o s s - p o l l i n a t i o n ranged f r o m 5.47% t o
6.33% w i t h an average of 5.80% in a p o p u l a t i o n
of 5328 p l a n t s . To m a i n t a i n pure s t o c k s under
our c o n d i t i o n s t h e y s h o u l d b e grown i n i s o l a -
t i o n o r w i t h t h e f l o w e r b u d s covered w i t h
f i n e l y woven n y l o n bags t o p r e v e n t c r o s s -
p o l l i n a t i o n b y i n s e c t s .
Quantitative Inheritance
The F2, F3 and p a r e n t s of 5 crosses were
used f o r t h i s s t u d y . Genotypic v a r i a b i l i t y
was s t u d i e d and g e n o t y p i c c o r r e l a t i o n s were
c a l c u l a t e d f o r a l l crosses 1n t h e F2 and F3
g e n e r a t i o n s .
Genetic c o e f f i c i e n t o f v a r i a t i o n and
h e r i t a b l l i t y e s t i m a t e s were computed f o r f o u r
t r a i t s i n f i v e crosses and f o r s i x t r a i t s 1 n
one p a r t i c u l a r c r o s s . There was much g r e a t e r
v a r i a t i o n f o r a l l c r o s s e s , i n g e n e r a l , f o r
seed w e i g h t , p l a n t h e i g h t , and f l o w e r i n g date
t h a n f o r number of seeds per pods.
With t h e e x c e p t i o n o f number o f pods per
p l a n t , t h e c o r r e l a t i o n s between seed y i e l d and
o t h e r t r a i t s were n o t g r e a t enough t o p r o v i d e
r e l i a b l e i n d i c a t i o n s f o r y i e l d . Good progress
b y s e l e c t i o n i n e a r l y g e n e r a t i o n s c o u l d b e
made by breeders in t r a i t s such as f l o w e r i n g
d a t e , p l a n t h e i g h t and seed w e i g h t which
showed h i g h h e r i t a b i l i t y v a l u e s .
Variety-Environment
Interactions
Twenty v a r i e t i e s o f plgeonpeas were
e v a l u a t e d a t two l o c a t i o n s f o r a t h r e e y e a r
p e r i o d . A n a l y s i s o f t h e s e d a t a p r o v i d e d
e s t i m a t e s o n t h e n a t u r e and magnitude o f t h e
v a r i a n c e components f o r y i e l d , d a t e o f f l o w -
e r i n g , p l a n t h e i g h t , and weed w e i g h t .
The f i r s t and second o r d e r I n t e r a c t i o n s
Table 2. Mean Green Pod Yields of Four Indeterminate Pigeonpea Lines Grown With Different Weed Control Methods
C u l t i v a r
Kak1
L i n e 7 
L i n e 12
L i n e 142 A 
Average
Weed C o n t r o l




8 3 . 2 C 
9 0 . 3 B 
9 3 . 9 b 
Hoe
108.2 A 
94 .5 B 
115.2 AB
106.9 AB
106 .1 b 
Mechan ica l
9 7 . 9 A 
114.7 AB
9 2 . 1 B 
104.6 AB
1 0 2 . 1 b 
H e r b i c i d e
110 .0 A 
1 3 0 . 1 A 
135.6 A 
126 .8 A 
127 .8 a 
Average
104 .6 A 
108.2 A 
106.4 A 
107 .0 A 
Table 3. Mean Green Pod Yields of Four Determinate Pigeonpea Lines Grown With Different Weed Control Methods
C u l t i v a r
L i n e 8 AB-2
L i n e 8 AB-7
L i n e 16 A 
L i n e 21 B 
Average
None
3 5 . 4 B 
2 8 . 9 B 
3 6 . 6 B 
5 9 . 4 B 
3 9 . 9 b 
Weed C o n t r o l
Mean green pod y i e l d i n q /ha
Hoe
4 5 . 1 A 
30 .5 B 
4 1 . 0 A 
5 5 . 7 AB
4 3 . 1 ab
Mechan ica l
4 6 . 4 A 
3 2 . 1 B 
4 6 . 4 A 
5 6 . 9 AB
4 5 . 6 ab
H e r b i c i d e
4 4 . 4 A 
3 9 . 4 A 
3 9 . 4 AB
6 3 . 8 A 
4 6 . 7 a 
Average
4 2 . 7 B 
3 2 . 9 C 
4 0 . 6 B 
5 8 . 9 A 
Table 4. Indeterminate Pigeonpea Types Variety Trials .Summary of Two Years' Trials -1972-73,1973-74
V a r i e t i e s
Kaki
L i n e 7 
L i n e 12
L i n e 142-A
L i n e 6 9 - K T - l
L i n e 69 -KT-2
L i n e 69 -KT-6
L i n e 69 -52
L i n e 6 9 - 6 8
L i n e 6 9 - 5 8 - 1
L i n e 6 9 - 5 8 - 2
L i n e 82-A
Y i e l d Q/ha
8 6 . 8
9 1 . 5
9 8 . 1
8 1 . 2
6 4 . 7
71 .9
5 5 . 0
5 4 . 7
8 8 . 6
71 .3
6 2 . 3
52 .2




























f o r a l l c h a r a c t e r s s t u d i e d were n o t s o l a r g e
a s t h e v a r i e t y component o f v a r i a n c e . The
v a r i e t y x l o c a t i o n x y e a r I n t e r a c t i o n , although
s t a t i s t i c a l l y s i g n i f i c a n t , was o f small
m agnitude, and equal t o , o r s m a l l e r t h a n , the
v a r i e t y x y e a r i n t e r a c t i o n . These are c l e a r
i n d i c a t i o n s o f t h e Importance o f i n t e r a c t i o n
o f v a r i e t i e s x y e a r i n t h i s s t u d y , which
suggests t h a t t h e number o f years s h o u l d n o t
b e fewer t h a n t h r e e when t e s t i n g f o r these
c h a r a c t e r s . The v a r i e t y x l o c a t i o n i n t e r a c -
t i o n was o f much s m a l l e r magnitude th a n t h e
v a r i e t y x y e a r I n t e r a c t i o n , and was s t a t i s -
t i c a l l y n o n s i g n i f i c a n t .
Protein Studies
Over 200 v a r i e t i e s , I n t r o d u c t i o n s and
l i n e s have been analyzed f o r p r o t e i n c o n t e n t .
The range o f v a r i a b i l i t y i s f r o m 16% t o over
30%. A s t u d y is in progress to d e t e r m i n e t h e
mode o f I n h e r i t a n c e and h e r i t a b i l i t y o f pro-
t e i n i n o r d e r t o a t t e m p t t o Improve t h e qual-
i t y and q u a n t i t y o f p r o t e i n i n pigeonpeas.
PROCESSING
Canning Pigeonpea
A group of s t u d i e s of economic importance
in t h e p r o c e s s i n g of t h i s c r o p have been con-
ducted by t h e Food Technology L a b o r a t o r y . An
improved method f o r canning pigeonpeas was
developed b y t h i s department. With t h i s meth-
od, it is p o s s i b l e to o b t a i n a canned p r o d u c t
w i t h a n almost c o l o r l e s s b r i n e which compares
f a v o r a b l y i n q u a l i t y w i t h o t h e r canned peas.
The process r e q u i r e s h e a t i n g t h e pod at
atmospheric p r e s s u r e t o i n a c t i v a t e t h e perox-
i d a s e o f t h e peas. The i n a c t i v a t i o n o f t h e
enzyme system b e f o r e s h e l l i n g is t h e most
i m p o r t a n t s t e p in t h i s new p r o c e s s , s i n c e o n l y
t h r o u g h p r o p e r enzyme i n a c t i v a t i o n i s i t pos-
s i b l e t o o b t a i n a b r i n e low I n c o l o r , v i s c o s i t y
and t u r b i d i t y . A s h o r t h e a t i n g j u s t s u f f i -
c i e n t t o i n a c t i v a t e t h e enzyme system i s
e s s e n t i a l a s e x c e s s i v e heat may a f f e c t t h e
f l a v o r o f t h e peas a d v e r s e l y and make s h e l l i n g
d i f f i c u l t . The method has been r e g i s t e r e d i n
th e U.S. P a t e n t O f f i c e .
DISEASES
T h i s c r o p has no ma jo r d i s e a s e prob lems
in P u e r t o R1co. R h i n c o s i a v i r u s cases have
been o b s e r v e d s p o r a d i c a l l y i n commerc ia l p l a n -
t i n g s , b u t t h e i n c i d e n c e is v e r y l o w . We have
a l r e a d y m a t e r i a l r e s i s t a n t t o t h i s v i r u s i n
case i t becomes a t h r e a t t o t h e c r o p .
INSECTS
The most troublesome i n s e c t s a r e t h e pod
b o r e r s d u r i n g t h e green pod s t a g e and t h e seed
w e e v i l f o r t h e d r y seed. S e v e r a l i n s e c t i c i d e s
have been screened f o r t h e c o n t r o l o f t h e pod
b o r e r s and t h e b e s t r e s u l t s have been o b t a i n e d
w i t h E n d o s u l f a n , a t t h e r a t e o f 2.24 kg/ha
d u r i n g t h e peak o f t h e f l o w e r i n g p e r i o d . Two
a p p l i c a t i o n s at 2 week I n t e r v a l s g i v e a v e r y
good c o n t r o l .
Freezing Pigeonpea
Fresh pigeonpeas are a v a i l a b l e i n Puerto
Rico o n l y d u r i n g t h e w i n t e r months f r o m
December t h r o u g h February. Fresh peas a r e
p r e f e r r e d by consumers, and s t u d i e s were con-
d u c t e d t o d e t e r m i n e t h e f e a s i b i l i t y o f t h e
commercial f r e e z i n g p r o c e s s i n g t e c h n i q u e s and
e s t i m a t e s o f t h e s h e l f l i f e o f t h e f r o z e n prod-
u c t and I t s consumer acceptance. The r e s u l t s
showed t h a t f o r f r e e z i n g , pigeonpeas may be
processed in the same way as f o r c a n n i n g ,
except t h a t t h e b l a n c h i n g t r e a t m e n t s h o u l d b e
f i v e minutes a t 195° F t o ensure complete
enzyme i n a c t i v a t i o n . I f t h e enzyme system i s
c o m p l e t e l y i n a c t i v a t e d b y p r o p e r b l a n c h i n g ,
n o a p p r e c i a b l e changes i n f l a v o r , t e x t u r e ,
appearance, o r I n t e n s i t y o f o f f - f l a v o r takes
p l a c e d u r i n g s t o r a g e a t 10° F f o r two y e a r s .
M a r k e t i n g t e s t s run i n f o u r supermarkets
I n d i c a t e d t h a t f r o z e n pigeonpeas o f f e r e d t o
consumers in t h e o f f - s e a s o n may be one of t h e
b e s t s e l l e r s among t h e f r o z e n p r o d u c t s .
W.J. K a i s e r :
M.C. Saxena:
DISCUSSION
I am a c q u a i n t e d w i t h d i s e a s e problems of pigeonpea 1n Puerto R1co.
Rust is very I m p o r t a n t w h i l e S c i e r o t l u m and P h y t o t o p h t h o r a can cause
a l e v e l o f m o r t a l i t y , b u t a r e o f secondary importance.
We s h o u l d be c a r e f u l about t h e use of paraquat s i n c e 1t 1s a g e n e r a l
h e r b i c i d e .
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PIGEONPEA (CAJANUS CAJAN (L.) MILLSP.)
RESEARCH IN AUSTRALIA
E. S. Wallis, P. C. Whiteman and J. O. Akinola1
INTRODUCTION
Pigeonpea has been grown 1n A u s t r a l i a f o r
many y e a r s a l t h o u g h l a r g e s c a l e commercial
p r o d u c t i o n has n o t been a t t e m p t e d . The crop
was grown p r i m a r i l y as a green manure crop
f o l l o w i n g p i n e a p p l e s and sugarcane I n c o a s t a l
Queensland. Small s c a l e p r o d u c t i o n of seed
f o r r a i s i n g pigeons and a minor c u l t i n a r y
market has been c a r r i e d o u t .
I n 1969, i n a n a t t e m p t t o f i n d a d r y
season s t a n d over f o r a g e f o r t r o p i c a l and
s u b t r o p i c a l A u s t r a l i a , 9 5 l i n e s o f plgeonpea
were I n t r o d u c e d and e v a l u a t e d by Dr. J.O.
A k i n o i a as a Ph.D program. The p r o j e c t was
under t h e s u p e r v i s i o n of Dr. P.C. Whiteman,
s e n i o r l e c t u r e r i n t r o p i c a l agronomy. A s a 
r e s u l t o f t h e s e s t u d i e s , s e v e r a l accessions
t h a t produced h i g h seed y i e l d s were s e l e c t e d
f o r f u r t h e r i n v e s t i g a t i o n a s a p o t e n t i a l seed
c r o p . As a r e s u l t of t h i s work, a s e r i e s of
papers have been p u b l i s h e d . These w i l l be
r e f e r r e d t o i n t h e t e x t o f t h i s r e v i e w . A 
comprehensive r e v i e w o f t h e agronomy o f
plgeonpea has been accepted f o r p u b l i c a t i o n
i n t h e Review S e r i e s o f F i e l d Crop A b s t r a c t s
( A k i n o i a , Whiteman and W a l l i s 1975).
Work has been c a r r i e d o u t by t h e Queens-
l a n d Department o f Primary I n d u s t r i e s a t
Parada (Dr. R.W. Dones, Mr. I.B. S t a p l e s ) and
at Theodre (Mr. J.H. W i l d i n ) . T h i s work was
r e s t r i c t e d t o c o m p a r a t i v e p r o d u c t i o n t r i a l s
w i t h a range of I n t r o d u c e d legume s p e c i e s .
Recent I n t e r e s t has been shown by t h e U n i v e r -
s i t y o f Sydney ( P r o f e s s o r M.J.T. Norman) i n
t h e use of plgeonpea as a p o t e n t i a l autumn-
w i n t e r f o r a g e .
RESEARCH PROGRAM
I n t h e p e r i o d 1961-64 a t Parada (17°S)
pigeonpea was compared w i t h a number of
I n t r o d u c e d legume s p e c i e s and showed some
promise (Downes 1966). Downes concluded t h a t
t h e s h o r t - l i v e d n a t u r e o f t h i s s p e c i e s appear-
e d t o b e a major l i m i t i n g f a c t o r i n t h a t
environment. Downes suggested t h a t these
problems may be overcome by b r e e d i n g and he
noted t h a t p r e s u m p t i v e h y b r i d s between Cajanus
c a j a n and A t y l o s i a g r a n d l f o l i a ( a n a t i v e
shrub) had been o b t a i n e d .
I n c o n c l u s i v e g r a z i n g t r i a l s were p e r f o r m -
ed at Parada in 1964, where plgeonpea was used
f o r d e f e r r e d d r y season g r a z i n g ( S t a p l e s
personal communication). These t r i a l s d i d
show t h a t H v e w e i g h t l o s s c o u l d be delayed by
use of plgeonpea when compared w i t h n a t i v e
p a s t u r e s . L i t t l e f u r t h e r work was c a r r i e d
o u t .
At Theodre in 1966-67, pigeonpeas were
compared w i t h Phaseolus sp. V i g n a , D o l i c h o s
( i n c l u d i n g Lablab purpureus) G l y c i n e and
C l i t o r i a . C . c a j a n produced a n i g h y i e l d o f
v e g e t a t i v e m a t e r i a l b u t b o t h t h e young and
mature pods were s e v e r e l y a t t a c k e d by pod
b o r e r s ( W i l d i n personal communication).
W1ld1n concluded t h a t Lablab purpureus was t h e
o u t s t a n d i n g species t e s t e d and was s u p e r i o r
t o C . c a j a n w i t h r e g a r d t o e s t a b l i s h m e n t ,
y i e l d o f e d i b l e f o r a g e and seed p r o d u c t i o n .
No f u r t h e r work was c a r r i e d o u t w i t h C_. c a j a n
a t Theodre.
Numerical Classification
N i n e t y - f i v e accessions o f Cajanus c a j a n
f r o m e l e v e n c o u n t r i e s were f i e l d grown and stud-
i e d t h r o u g h o u t a y e a r at Redland Bay,Southeast-
e r n Queensland ( A k i n o l a and Whiteman 1 9 7 2 ( a ) ) .
Description of Classification
Using t h e MULTCLAS h i e r a r c h i a l program,
1
 U n i v e r s i t y o f Queensland, S t . L u c i a , B r isbane , A u s t r a l i a
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t h e a c c e s s i o n s were c l a s s i f i e d I n t o 1 5 groups.
T h i r t y - o n e a t t r i b u t e s were used I n c l u d i n g
p l a n t and l e a f morphology, g r o w t h , f l o w e r i n g
p a t t e r n s , d i s e a s e t o l e r a n c e and components o f
seed y i e l d . Hard seed and an unusual t e r m i n a l
I n f l o r e s c e n c e were noted 1n some a c c e s s i o n s .
The 95 a c c e s s i o n s were c o m p l e t e l y homogeneous
in o n l y one i m p o r t a n t c h a r a c t e r , t h e chromo-
some number, which was d i p l o i d w i t h 2n=22
( A k i n o l a and Whiteman 1 9 7 2 ( b ) ) .
The s i g n i f i c a n c e o f t h i s c l a s s i f i c a t i o n
l i e s i n t h e a p p l i c a t i o n o f t h e v a r i o u s group-
i n g s t o agronomic problems, p a r t i c u l a r l y selec-
t i o n and/or b r e e d i n g f o r s p e c i f i c purposes.
Growth Analysis
Glasshouse
T h i s s t u d y was i n i t i a t e d t o i n v e s t i g a t e
t h e p a t t e r n s o f growth o f C . c a j a n i n r e l a t i o n
t o age ( A k i n o l a 1973). The r e i u l t s o f t h i s
work show t h a t , a f t e r a slow s t a r t , d r y m a t t e r
a c c u m u l a t i o n and c r o p growth r a t e i n c r e a s e d
r a p i d l y w i t h age ( F i g u r e 1 ) .
Figure 1. Total Dry Matter Yield and Growth Rate of C.CAJAN
Accession UQ1 as Functions of Days from Sowing and
Total Radiation Received up to the Day of Harvest
A. TOTAL DRY MATTER YIELD AND TOTAL
RADIATION RECEIVED UP TO DAV 98
B. GROWTH RATE AND MEAN DAILY
RADIATION RECEIVED UP TO DAY 98 .
Log * Total DM y ie ld (Y) as a function of days from sowing (x)
(i) Leaf + Stem (LS); Y =-4 .2599 + 0.10003 x-0.0003916 x2; r = 0.997**
( i i ) Whole plant (WP); Y=-2.2161 + 0,05182 x-0.0000713 x2; r = 0.997*
Total DM y ie ld (Y) as a function of total radiation(x) received
(i) Leaf + Stem (LS); Y = 13271-0.24011x+ 0.012724x2 ; r = 0.994**
( i i ) Whole plant (WP); Y = 6.5780-0.73642x+ 0 . 0 2 5 6 8 9 X 2 ; R= 0.997**
+ Standard error
- Significant at 1% level
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NoduTe w e i g h t per p l a n t f o l l o w e d a sim-
i l a r p a t t e r n t o d r y m a t t e r y i e l d per p l a n t i n
t h a t t h e I n i t i a l l a g phase was f o l l o w e d by a 
p e r i o d o f r a p i d i n c r e a s e ( F i g u r e 2 ) .
Field
Four accessions were sown at 0.914 m x 
0.914 m and harvested at f o r t n i g h t l y i n t e r v a l s
f o r seven months. L i t t l e d i f f e r e n c e e x i s t e d
between d r y m a t t e r y i e l d o f t h e accessions
u n t i l l a t e 1 n t h e growth p e r i o d ( F i g u r e 3 ) .
Three growth phases were c l e a r l y marked:
an I n i t i a l l a g phase up t o day 84, a very
r a p i d growth phase l a s t i n g u n t i l day 168 and
a f i n a l phase o f slow d r y m a t t e r a c c u m u l a t i o n .
Up to day 70, t h e l e a f and stem f r a c t i o n
c o n t r i b u t e d equal amounts t o t o t a l p l a n t
w e i g h t ( F i g u r e s 4a and 4 b ) .
However beyond day 84, the stem c o n t r i b -
uted s i g n i f i c a n t l y more t o t o t a l p l a n t y i e l d .
Leaf d r y m a t t e r accumulation reached a peak in
a l l accessions on day 140 b e f o r e d e c l i n i n g as
a r e s u l t o f l e a f senescence.
Maximum l e a f area i n d e x , which was very 
h i g h , was r e c o r d e d i n a l l accessions o n day
1 4 0 — i n agreement w i t h t i m e o f peak l e a f y i e l d
( F i g u r e 5 ) .
Crop growth r a t e s i n t h e f i e l d are shown
i n F i g u r e 6 and t h i s again c l e a r l y shows the
I n i t i a l l a g phase i n crop growth. This shows
t h e h i g h p o t e n t i a l o f C . c a j a n f o r d r y m a t t e r
p r o d u c t i o n .
LAI and t h e p e r c e n t l i g h t i n t e r c e p t i o n
are r e l a t e d as shown in F i g u r e 7. Percent
l i g h t i n t e r c e p t i o n was l i n e a r l y r e l a t e d t o LAI
on day 98. By day 140 v i r t u a l l y a l l l i g h t had
been i n t e r c e p t e d a t LAI v a l u e s g r e a t e r than
s i x .
Response to Photoperiod
Induced Changes of Photoperiod
in the Glasshouse
The response t o p h o t o p e r i o d i n t h e f i e l d
v i a changes i n sowing d a t e i s o f g r e a t i m p o r t -
ance i f mechanical h a r v e s t i n g i s t o b e accom-
p l i s h e d . I t was found t h a t s h o r t p h o t o p e r i o d s
Figure 2. Number of Nodules per Plant (NN)
and Nodule Weight per Plant (NW)
as Functions of Days from Sowing
151
DAYS FROM SOWING
NN Y = 205.648 + 6.620 x - 0.0423 x2 r = 0 .769*
NW Y = 0 . 2 5 9 - 0 . 0 1 4 3 x +0.000217 x2 r = 0 .993**
Figure 3. Trends in Dry Matter Accumulation of Leaf + Stem
of Four C.CAJAN Accessions up to Day 238
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Figure 4. Trands in Dry Mattar Accumulation
of Leaf and Stem of Four C.CAJAN
Accessions up to Day 168
A. LEAF DRY MATTER YIELD
B. STEM DRY MATTER YIELD
Figure 6. Leaf Area Index Values in Four
C.CAJAN Accessions up to Day 168
reduced o v e r - a l l v e g e t a t i v e growth and p e r i o d
t o f l o w e r i n g , pod f i l l i n g and pod r i p e n i n g .
The data suggested t h a t t h e v a r i e t y used i n
t h i s s t u d y (UQl i n group C I I ) was q u a n t i t a -
t i v e l y s h o r t day. However, as discussed below,
a range of p h o t o p e r i o d response is found over
a broader group of a c c e s s i o n s .
Response to Sowing Date in the Field
A s p l i t p l o t design was used t o i n v e s -
t i g a t e t h e v e g e t a t i v e and r e p r o d u c t i v e
responses o f two e a r l y and two l a t e m a t u r i n g
C . c a j a n accessions t o e i g h t sowing dates a t
a d e n s i t y of 2990 p l a n t s per h e c t a r e ( A k i n o l a
and Whiteman 1 9 7 5 ( a ) ) .
The e f f e c t o f sowing d a t e o n t h e r e -
p r o d u c t i v e phase is shown in F i g u r e 8. These
data I n d i c a t e d t h a t UQl and UQ38 were photo-
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Figure 6. Crop Growth Rates (CGR) of Four C.CAJAN
Accessions up to Day 238
HARVESTING DATES
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Figure 7. Relationship Between Percent Light Intercepted and
Leaf Area Index of Four C.CAJAN Accessions, 98
and 140 Days from Sowing
p e r i o d s e n s i t i v e and q u a n t i t a t i v e s h o r t day
p l a n t s . UQ39 was l e s s p h o t o p e r i o d s e n s i t i v e ,
b u t f l o w e r e d more r a p i d l y under s h o r t e r days.
UQ37 was I n t e r m e d i a t e . Thus t h e r e s u l t s are
no t c l e a r c u t and a range of response may be
expected f r o m o t h e r a c c e s s i o n s .
Maximum d r y m a t t e r y i e l d per h e c t a r e over
a l l accessions d e c l i n e d w i t h d e l a y i n sowing
( T a b l e 1 ) .
The h i g h e s t t o t a l annual seed y i e l d per
h e c t a r e was recorded w i t h accessions sown 1n
l a t e November.
Thus optimum sowing times were I d e n t i f i e d
a s l a t e November t o mid-January f o r d r y seed
p r o d u c t i o n i n l a t e m a t u r i n g accessions and not
l a t e r t h a n December f o r p e r i o d i c green pod
p i c k i n g 1n e a r l y m a t u r i n g accessions 1n t h e
environment o f s o u t h e a s t e r n Queensland.
Effect of Density on Seed
and Dry Matter Yield
V e g e t a t i v e and seed y i e l d in C. c a j a n
accession UQl were I n v e s t i g a t e d over n i n e
sowing d e n s i t i e s r a n g i n g f r o m 6727 to 215,278
p l a n t s per h e c t a r e ( A k l n o l a and Whiteman
1 9 7 5 ( b ) ) .
Dry m a t t e r y i e l d per p l a n t d e c l i n e d asym-
p t o t i c a l l y w i t h i n c r e a s i n g d e n s i t y , w h i l e t h e
y i e l d per h e c t a r e d e n s i t y r e l a t i o n s h i p was
d e s c r i b e d by a p a r a b o l i c c u r v e . The h i g h e s t
y i e l d per h e c t a r e (22,950 kg) was produced at
t h e 0.305 m x 0.305 m spacing (107,639 p l a n t s
per h e c t a r e ) ( F i g u r e 9 ) .
Maximum seed y i e l d (2774 kg/ha) was
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L E A F A R E A I N D E X
Figure 8. Phenology of C. CAJAN Accessions in Response
to Sowing Dates
DATES FROM SOWING ( 1 - 8 ) TO 50% FLOWERING (FL) , P O D F I L L I N G (PF) A N D POO RIPENING (PR)
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T a b l e 1. Spl i t P lo t Analysis Showing the Effects of Sowing Dates on
C . C a j a n Accessions
( a ) Dry m a t t e r y i e l d , K g / h a - 1 y r - 1
Sowing d a t e s
1 / 9 / 7 0
2 9 / 9 /70
2 7 / 1 0 / 7 0
2 4 / 1 1 / 7 0
2 2 / 1 2 / 7 0
1 9 / 1/71
1 6 / 2 /71
1 6 / 3 /71






















M a i n p l o t ( sow ing d a t e ) means
S u b p l o t ( a c c e s s i o n ) means
S u b p l o t means w i t h i n t h e same m a i n p l o t
M a i n p l o t means w i t h i n t h e same access ion
( b ) Seed y i e l d , K g / h a - 1 y r - 1
Sowing da tes
1 / 9 /70
2 9 / 9 /70
2 7 / 1 0 / 7 0
2 4 / 1 1 / 7 0
2 2 / 1 2 / 7 0
1 9 / 1/71
1 6 / 2 /71
1 6 / 3 /71






















M a i n p l o t ( sow ing d a t e ) means
S u b p l o t ( a c c e s s i o n ) means
S u b p l o t means w i t h i n t h e same m a i n p l o t


















































































Figure 9. Dry Matter Yield per Plant, Dry Matter Yield per Hectare and
Reciprocal of Dry Matter Yield per Plant as Functions of
Number of Plants per Hectare
a t t a i n e d a t a r e l a t i v e l y low d e n s i t y a t a 
s p a c i n g of 0 .914 m x 0 .610 m (17 ,940 p l a n t s
pe r h e c t a r e ) . A t h i g h e r d e n s i t i e s i n c r e a s e d
s t a n d m o r t a l i t y and reduced pod number per
p l a n t r e s u l t e d i n seve re y i e l d r e d u c t i o n s
( F i g u r e 1 0 ) .
Effect of Defoliation on Seed
and Dry Matter Yield
Description of Experiment
Two f i e l d e x p e r i m e n t s were used in t h e
i n v e s t i g a t i o n . The f i r s t e x p e r i m e n t examined
t h e e f f e c t o f h e i g h t and f r e q u e n c y o f d e f o l i a -
t i o n o n d r y m a t t e r and n i t r o g e n y i e l d o f
components ( l e a f , f l o w e r , pod and stem) in
f o u r C . c a j a n a c c e s s i o n s ( F i g u r e 11 (a ) and
( b ) ) .
T h u s , two e a r l y m a t u r i n g and two l a t e
m a t u r i n g a c c e s s i o n s o f C . c a j a n grown i n t h e
f i e l d f o r 161 days were d e f o l i a t e d to 90 cm
" s t u b b l e s " every 4 , 8 , 12 or 16 weeks o v e r
a p e r i o d of 72 weeks .
Results
Evidence f r o m t o t a l and seasonal d r y
m a t t e r and n i t r o g e n y i e l d performances, s t a n d
s u r v i v a l and s t u b b l e y i e l d a t t h e t e r m i n a t i o n
of t h e experiment suggested t h a t 8 to 12 week
d e f o l i a t i o n f r e q u e n c i e s c o u l d b e s u c c e s s f u l l y
i n t e g r a t e d t o i n c o r p o r a t e c a t t l e g r a z i n g f o r
f o r a g e and seed p r o d u c t i o n i n t o a s i n g l e
158
management system. The l a t e r m a t u r i n g acces-
s i o n s were shown c l e a r l y to be b e t t e r adapted
t o c u t t i n g , p r o v i d e d t h a t basal green leaves
always remained on t h e " s t u b b l e " .
Description of Second Experiment
The second experiment was undertaken to
examine t h e e f f e c t s o f a s i n g l e d e f o l i a t i o n ,
designed to reduce p l a n t h e i g h t and so
f a c i l i t a t e mechanical h a r v e s t i n g , o n seed
y i e l d i n t h e h i g h seed y i e l d s e l e c t i o n UQ50
(Tables 2 and 3) ( A k l n o l a and Whiteman 1975
( a ) ) .
Results
D e f o l i a t i o n o f UQ50 t o reduce p l a n t height
and t o f a c i l i t a t e subsequent h a r v e s t i n g l e d t o
reduced annual seed y i e l d . The f i r s t seed
Figure 11. Total Dry Matter Yield and Percent Mortality
of Four C.CAJAN Accessions as Functions
of Defoliation Frequency






UQ 1; Y=35.20-5.28x+0.350x2; r = 0.819NS
UQ37; Y=36.92-3.04x-0.261x2; r = 0.937NS
UQ38; Y=5.70+5.54 x-0.203x2 ; r = 0.983NS
UQ39; Y=85.97-10.02x+0.533x2;r = 0.773NS
ALL ACCESSIONS
Y=40.92-3.46x+0.236x2: r = 0.989NS
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Table 2. Seed Yield (kg/ha-) in Defoliated and Undefoliated C. Cajan Accession UQ50 Plots
P o d p i c k i n g T r e a t m e n t s
T1 U n d e f o l i a t e d , h a r v e s t e d J u l y - A u g u s t 1971
T2 U n d e f o l i a t e d , h a r v e s t e d Oc tober 1971
T3 T l T2
T4 D e f o l i a t e d , h a r v e s t e d Oc tober 1971
LSD 5%
T l and T2
732
1214














Table 3. Seed Yield Components













R a t i o o f seed




0 . 0 3
0 . 0 5




9 . 3 3
0 . 1 7
0 .25
Pod l e n g t h
(cm)
6 .59
6 . 5 3
6 . 5 0
0 . 0 8
0 . 1 2
c r o p was l o s t because t h e c u t t i n g removed t h e Dry m a t t e r and n i t r o g e n y i e l d s f o r C .




P r o d u c t i o n was m a r k e d l y reduced i n t h e
second season and t h e r e w o u l d b e l i t t l e v a l u e
i n m a i n t a i n i n g C . c a j a n s t a n d s i n t o t h e second
g r a z i n g y e a r . T h i s r e d u c t i o n can b e e x p l a i n e d
i n p a r t b y damage due t o heavy s c a l e i n s e c t
(Coccus l o n g u l u s Doug las ) a t t a c k . T h i s w o u l d
appear t o b e t h e f i r s t r e f e r e n c e t o t h i s p e s t
o c c u r r i n g o n p igeonpea ( J . D . Ga l l oway p e r s o n a l
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The r e s u l t s o f two y e a r s c o o l season
g r a z i n g o f f i v e C . c a j a n a c c e s s i o n s a t
M t . C o t t o n , s o u t h e a s t e r n Queens land have been
r e p o r t e d ( A k i n o l a , B i r c h , Whiteman and W a l l i s
1 9 7 5 ) . C a t t l e l i v e w e i g h t g a i n s o n C . c a j a n
have been compared w i t h n i t r o g e n f e r t i l i z e d
S e t a r i a anceps c v Kazungu la .
c o m m u n i c a t i o n ) .
T h i s r e d u c t i o n i n p r o d u c t i o n i s r e f l e c t e d
1n t h e s u r v i v a l o f C . c a j a n a t t h e b e g i n n i n g
o f g r a z i n g i n t h e second y e a r ( T a b l e 5 ) .
An imal p r o d u c t i o n on C. c a j a n was good
(up to 1.0 k g / h d / d a y ) w h i l e adequate pod and
l e a f was a v a i l a b l e e a r l y i n t h e g r a z i n g p e r i o d .
L i v e w e i g h t was m a i n t a i n e d l o n g e r in bo th yea rs
on S. anceps .
Thus c a r e f u l management wou ld be r e q u i r e d
i n commerc ia l usage t o a d j u s t s t o c k i n g r a t e s t o
a v o i d r a p i d d e c l i n e i n a v a i l a b l e f e e d , t o
p r o l o n g g r a z i n g t i m e and p o s s i b l y t o i n c r e a s e
s u r v i v a l o f p l a n t s f r om season t o season .
Chicken Feeding Trial
The a im o f t h i s i n v e s t i g a t i o n was t c
assess t h e p o t e n t i a l o f p igeonpea seed as a 
ma jo r p r o t e i n source i n p o u l t r y s t a r t e r
r a t i o n s . Pigeonpea seed meal was f e d to
c h i c k e n s f r om h a t c h i n g t o 6 weeks , a t l e v e l s
between 5% and 30% o f t h e t o t a l r a t i o n . T h i s
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Grass in C. c a j a n































* L = LEAF P = POD F= FLOWER ND = NOT DETERMINED






















r e s u l t e d in body w e i g h t s as good as or b e t t e r
tha n t h o s e o f c o n t r o l b i r d s , f e d a s t a r t e r
r a t i o n of maize and soybean meal ( T a b l e 6 ) .
CURRENT RESEARCH
PROGRAM
Table 6. Body Weights, Feed Conversion, and
Mortality of Chickens Fed Pigeonpea













3 9 . 8
39 .1
3 9 . 3
3 7 . 7
3 8 . 3
Week 6 
750 .9 b*
793 .5 a 
801 .1 a 
776 .8 a 
750 .5 b 
690 .7 c 
Feed Con-







M o r t a l -







* Body w e i g h t means at 6 weeks n o t f o l l o w e d
b y t h e same l e t t e r s d i f f e r e d s i g n i f i c a n t l y
( P < 0 . 0 1 ) .
A t 40% pigeonpea meal, t r e a t e d b i r d s '
body w e i g h t s were s i g n i f i c a n t l y lower t h a n
t h o s e o f t h e c o n t r o l s ( P < 0 . 0 1 ) . T h i s
reduced w e i g h t g a i n may be due to an amino
a c i d d e f i c i e n c y : p o s s i b l y c y s t i n e , t r y p t o p h a n




From t h e work of A k i n o l a (1973) 1t may be
concluded t h a t h i g h seed y i e l d s can b e o b t a i n -
ed e x p e r i m e n t a l l y f r o m UQ50 i n t h e Redland Bay
environment o f s o u t h e a s t e r n Queensland.
I t i s a l s o e v i d e n t t h a t w i t h t h e manipu-
l a t i o n o f sowing date and d e n s i t y o f p l a n t i n g ,
mechanical h a r v e s t i n g of pigeonpea seed would
be p o s s i b l e .
A major problem is t h e slow c r o p growth , 
r a t e 1 n t h e e a r l y stages o f growth. T h i s slow
b e g i n n i n g has l e d t o s e r i o u s weed problems i n
t h e e a r l y stages o f growth. T h i s problem may
be overcome by the use of weedicides or by
r i g o r o u s c u l t u r a l t e c h n i q u e s .
Aims
O n t h e b a s i s o f p r e v i o u s work i t was
c o n s i d e r e d necessary t o develop r e s e a r c h a l o n g
t h e f o l l o w i n g l i n e s :
( a ) V a r i e t y e v a l u a t i o n i n a range o f
environment and s o i l c o n d i t i o n s
(b) Assessment o f i n t e r a c t i o n between
sowing d a t e , d e n s i t y , environment
and genotype to o b t a i n maximum
y i e l d s .
( c ) Development o f s u i t a b l e mechanical
h a r v e s t i n g t e c h n i q u e s .
Genotype x Environment
Interaction
I n 1973-74, v a r i e t y e v a l u a t i o n t r i a l s
were conducted a t f o u r environments i n south-
e a s t e r n Queensland. The v a r i e t i e s were s e l e c -
t e d from t h e p r e v i o u s c l a s s i f i c a t i o n . The
environments s e l e c t e d ranged f r o m humid sub-
t r o p i c a l c o a s t a l t o a d r y i n l a n d environment.
The r a i n f a l l range was 1300 mm on t h e coast
to 700 mm i n l a n d .
The d a t e o f o c c u r r e n c e o f t h e f i r s t f r o s t
i s c o n s i d e r e d a n i m p o r t a n t l i m i t i n g f a c t o r t o
pigeonpea p r o d u c t i o n i n s o u t h e a s t e r n Queensland
and t h e r e f o r e t h e i n t e r a c t i o n o f sowing date
and days t o pod s e t i n d i f f e r e n t v a r i e t i e s are
c r i t i c a l f a c t o r s .
Y i e l d s have been d i s a p p o i n t i n g b u t t h i s
i s i n p a r t due t o adverse seasonal c o n d i t i o n s .
The l a t e r m a t u r i n g v a r i e t i e s (UQ34 and UQ68)
were k i l l e d by f r o s t p r i o r t o pod s e t . The
e a r l y v a r i e t i e s UQll and UQ 18 y i e l d e d up to
750 kg/ha - 1 a t a n i n l a n d s i t e w h i l e t h e mid-
season UQ50 has y i e l d e d w e l l a t t h e c o a s t a l
s i t e ( y i e l d d a t a y e t t o b e f i n a l i z e d ) . T h i s
t r i a l w i l l be resown 1n 1974-75.
Sowing Date x Density
Interaction
In 1973-74 at Redland Bay, UQ50 was sown
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a t t h r e e sowing dates (mid-October, mid-
December and e a r l y March) and f o u r d e n s i t i e s
(10,000, 18,000, 33,000 and 110,000 p l a n t s per
h e c t a r e ) . T h i s t r i a l was c o n s i d e r e d i m p o r t a n t
because o f t h e s e n s i t i v i t y t o p h o t o p e r i o d
demonstrated p r e v i o u s l y . I n o r d e r t o f a c i l -
i t a t e mechanical h a r v e s t i n g , optimum d e n s i t y
must be combined w i t h optimum sowing date to
maximize y i e l d and m a i n t a i n p l a n t s at a 
h a r v e s t a b l e h e i g h t .
P r e l i m i n a r y r e s u l t s show t h a t a December
p l a n t i n g at 33,000 p l a n t s per h e c t a r e would be
optimum f o r UQ50 under Redland Bay c o n d i t i o n s .
F i n a l y i e l d s a r e not y e t a v a i l a b l e .
The s h o r t day response o f t h i s v a r i e t y
was c l e a r l y demonstrated b y s i g n i f i c a n t reduc-
t i o n i n h e i g h t a t l a t e r sowings. F u r t h e r
i n v e s t i g a t i o n i s r e q u i r e d a t l a t e sowing dates
a t much h i g h e r d e n s i t i e s (up t o 300,000 p l a n t s
per h e c t a r e ) to determine whether t h e crop has
a f u t u r e f o r autumn sowings and growth over
t h e cool season, p r o v i d e d f r o s t i s not present




Two genotypes (UQ11, UQ50) w i l l be sown
a t t h r e e l o c a t i o n s i n t h e 1974-75 season a t
f o u r d e n s i t i e s (12,000-55,000 p l a n t s per
h e c t a r e ) and t h r e e sowing dates (October,
November, J a n u a r y ) . I n f o r m a t i o n from t h i s
experiment w i l l a l l o w recommendations o f o p t i -
mum sowing d a t e and d e n s i t y f o r d i f f e r e n t
genotypes o f d i f f e r e n t l o c a t i o n s . This
i n f o r m a t i o n i s r e q u i r e d b e f o r e commercial
p r o d u c t i o n c o u l d be contemplated.
Mechanical Harvesting
A s m a l l amount of seed was harvested w i t h
a n " a l l c r o p s " combine h a r v e s t e r i n 1974. I n
o r d e r t o q u a n t i f y problems i n v o l v e d i n har-
v e s t i n g , an area of 2 h e c t a r e s (1 h e c t a r e each
o f UQ50 and UQ11) w i l l be sown a t optimum
d e n s i t y and sowing d a t e . A t m a t u r i t y t h e
c r o p w i l l be m e c h a n i c a l l y h a r v e s t e d . Recovery
o f seed by mechanical h a r v e s t i n g w i l l be
measured.
Preemergent Weedicides
Because o f the slow crop growth r a t e o f
pigeonpea i n e a r l y stages o f development a n
e f f e c t i v e preemergent weedicide w i l l b e
r e q u i r e d . Several glasshouse t r i a l s have been
conducted w i t h two weedicides Dacthal
( C h l o r t h a l D i m e t h y l ) and T r e f l a n ( T r i f l u r a l i n ) .
Dacthal has c o n t r o l l e d grass weeds w i t h o u t
adverse e f f e c t s on pigeonpea at r a t e s of 6.75
k g a c t i v e i n g r e d i e n t per h e c t a r e . T r e f l a n has
a marked e f f e c t on pigeonpea g r o w t h , s t u n t i n g
and deforming s e e d l i n g s even when a p p l i e d at
r a t e s below recommendation. The same r e s u l t
was o b t a i n e d on a range of s o i l t y p e s and
p l a n t i n g depths. These r e s u l t s may have
i m p o r t a n t l i m i t a t i o n s t o the use o f T r e f l a n a s
a preemergent w e e d i c i d e i n t h e f i e l d , a l t h o u g h
Getner and Daniel son (1965) have recommended
i t s use.
Maturation of Seed
and Pods
I n a n experiment t o determine t h e t i m e a t
which maximum seed d r y w e i g h t is o b t a i n e d
f l o w e r s were tagged and pods p i c k e d at weekly
i n t e r v a l s . Dry w e i g h t o f seed reached a max-
imum a t 7 weeks a f t e r f l o w e r i n a a f t e r which i t
remained c o n s t a n t ( F i g u r e 12, M. Smith
u n p u b l i s h e d d a t a ) . At 7 weeks m o i s t u r e content
was s t i l l 70%.
These d a t a have i m p o r t a n t i m p l i c a t i o n i n
t h e h a r v e s t o f seed f o r d r y seed y i e l d d e t e r -
m i n a t i o n .
CONCLUSION
At p r e s e n t g r a i n legume crops account
f o r o n l y 1 % o f t o t a l crop p r o d u c t i o n i n
A u s t r a l i a , compared w i t h 1.5% f o r o i l seeds
and 97.5% f o r c e r e a l s ( F a r r i n g t o n 1974).
Recently t h e r e has been I n c r e a s i n g i n t e r e s t
i n g r a i n legume p r o d u c t i o n , p a r t i c u l a r l y i n
soybean, peanuts, l u p i n and f i e l d peas. The
U n i v e r s i t y of Queensland has begun a r e s e a r c h
program t o e v a l u a t e t h e p o t e n t i a l o f
pigeonpea f o r commercial p r o d u c t i o n i n
A u s t r a l i a .
Experimental y i e l d s o f pigeonpea i n
s o u t h e a s t e r n Queensland have been e n c o u r a g i n g ,
b u t h i g h y i e l d s have y e t t o b e o b t a i n e d under
commercial c o n d i t i o n s . A t t a i n m e n t o f h i g h
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y i e l d s o n a l a r g e r s c a l e w i l l b e necessary f o r
accep tance o f p igeonpea I n t o any c r o p p i n g
s y s t e m .
I n v e s t i g a t i o n o f agronomic f a c t o r s such
as p l a n t i n g d a t e , d e n s i t y and genotype x 
env i r onmen t i n t e r a c t i o n a r e be ing unde r taken
t o d e t e r m i n e t h e f u t u r e o f t h e c r o p f o r
A u s t r a l i a n c o n d i t i o n s .
D e t a i l e d s t u d i e s have been comple ted on
c l a s s i f i c a t i o n , g row th a n a l y s i s , response t o
p h o t o p e r i o d , e f f e c t s o f d e n s i t y and d e f o l i a -
t i o n on seed and d r y m a t t e r y i e l d s and an imal
p r o d u c t i o n o f b o t h seed and f o r a g e .
T h i s work has c r e a t e d some I n t e r e s t i n
t h e c rop f r o m commerc ia l p roduce rs and o t h e r
r e s e a r c h I n s t i t u t i o n s . Pigeonpea may,
t h e r e f o r e , b e a p o t e n t i a l c r o p i n t r o p i c a l
and s u b t r o p i c a l e n v i r o n m e n t , p a r t i c u l a r l y o n
t h e p o o r e r c o a s t a l s o i l s and m a r g i n a l d r y l a n d
c r o p p i n g a reas o f A u s t r a l i a . Any deve lopment
o f commerc ia l c r o p p i n g o f p igeonpea w i l l , o f
c o u r s e , b e dependent o n t h e a v a i l a b i l i t y o f
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DISCUSSION
Dr . W a l l i s , you have I n d i c a t e d t h a t t h e c u l t i v a r UQ 38 g i v e s y i e l d s
c l o s e t o 6000 k g / h a . I s t h i s a t a l l d e t e r m i n a t e t ype?
U Q 3 8 i s n a t u r a l i z e d i n A u s t r a l i a . I t i s a t a l l I n d e t e r m i n a t e t y p e .
Where d i d i t o r i g i n a t e ?
I do n o t know.
I n t hese s t u d i e s was nodu le f o r m a t i o n due t o n a t u r a l i n o c u l a t i o n ?
No, s t r a i n CB 756 was used .
You found t r i f l u r a l l n a d v e r s e l y a f f e c t e d p i g e o n p e a . D id you a t t e m p t
t o use i t a s a preemergent h e r b i c i d e ? I t wou ld have been s a f e r 1 f
you had a p p l i e d i t a s a p r e p l a n t i n g h e r b i c i d e .
We used it as a p r e p l a n t i n g h e r b i c i d e .
How were t h e e x c e p t i o n a l l y h i g h l e a f a r e a Indexes d e t e r m i n e d ?
I am n o t s u r e , b u t b e l i e v e i t was by accep ted l e a f a rea m e t e r s .
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AND PLANT TYPE IN PULSE CROPS
S. Ramanujam1
INTRODUCTION
G en e t i c v a r i a b i l i t y , o r r a t h e r t h e l a c k
o f i t , has been i m p l i c a t e d i n t h e r e l a t i v e l y
l i m i t e d p r o g r e s s made i n t h e improvement o f
p u l s e c rops i n I n d i a and presumably e l s e w h e r e .
We had o c c a s i o n to examine t h e g e n e t i c d i v e r -
gence in a s e t of 10 e l i t e Mung bean genotypes
f r o m d i f f e r e n t s t a t e s o f I n d i a and o f t h e 2 5
h y b r i d s between them. O b s e r v a t i o n s were r e -
co rded o n y i e l d , y i e l d components ( b r a n c h e s /
p l a n t , p o d s / p l a n t , i n f l o r e s c e n c e s / p l a n t , pods /
b u n c h , 100 seed w e i g h t ) , deve lopmenta l
c h a r a c t e r s (days to f l o w e r i n g and days to
m a t u r i t y ) and q u a l i t y c h a r a c t e r s ( p e r c e n t
p r o t e i n , g r a i n d e n s i t y ) . Gene t i c d i v e r g e n c e
was s t u d i e d u s i n g p r i n c i p a l component a n a l y s i s
a s w e l l a s g e n e r a l i z e d d i s t a n c e a n a l y s i s .
Figure 1. Two dimensional representation of divergence
of 35 genotypes of mung bean (10 parents and
25 hybrids) using the f i rs t two canonical
vectors ( Z 1 , Z2) as coordinates. The group-
ings obtained from D2 analysis are super-
imposed. The genotypes included in the
different clusters are: I .T .44 , Pusa Baisakhi",
T.44 x Hyb. 45, T.44 x R.1. "Pusa Baisakhi x 
R . 1 ; I I . K.11 x B . I , K.11 x Khar, 1, BR.2x
T.44, J.781 x Pusa Baisakhi, R.1 x 'Madira';
I I I . Khar 1, Khar 1 x Madira; IV . K.11 x T.44
K.11 x Hyb. 45; V.B.1 'Mad i ra ' . B.1 x T.44,
Khar.1 x 'Pusa Baisakhi ' , 'Pusa Baisakhi x 
'Madira ' ; V I . B.1 x BR.2, B.1 x Hyb.45 BR.
2 x 'Pusa Ba isakh i " , V I I . Khar 1 x J . 7 8 1 ;
V I I I . Khar. 1 x R.1; IX. B.1 x J . 7 8 1 ; X. R. 1;
XI. J.781 x 'Madira' ; XII . J .781 ; XI I I . J .781
x R.1; XIV. Hyb.45 x 'Madira'; XV. K. 11 x 
BR.2; X V I . RB.2 x Hyb.45; XVII . K.11; XVII I .
Hyb.45; XIX. BR.2
Analyses of Divergence
F i g u r e 1 ( t a k e n from Ramanujam, T i w a r i
and Mehra 1974) p r e s e n t s a two dimensional
r e p r e s e n t a t i o n of the d i v e r g e n c e among t h e 35
(10 p a r e n t s and 25 F 1's) genotypes u s i n g t h e
f i r s t and second c a n o n i c a l v e c t o r s as the
c o o r d i n a t e s . Superimposed o n t h i s are the
c l u s t e r i n g s o b t a i n e d t h r o u g h D 2 a n a l y s i s .
Canonical a n a l y s i s r e v e a l e d t h e importance o f
m a t u r i t y and f l o w e r i n g t i m e i n the f i r s t vec-
t o r and seed d e n s i t y and seed s i z e in t h e sec-
ond v e c t o r . The two v e c t o r s t o g e t h e r accounted
f o r 80% o f the v a r i a t i o n . D 2 a n a l y s i s s t r e s s -
e d the importance o f seed d e n s i t y , m a t u r i t y
t i m e , seed s i z e and f l o w e r i n g t i m e w h i l e y i e l d
o r i t s components had l i m i t e d i n f l u e n c e o n
g e n e t i c d i v e r s i t y .
Clustering
I t i s i n t e r e s t i n g t o n o t e t h a t t h e t e n
1
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p a r e n t s f e l l i n t o as many as e i g h t w e l l sep-
a r a t e d c l u s t e r s ( I , I I I . V , X , X I I , X V I I ,
X V I I I , X I X ) , t h e d i s t a n c e between t h e c l u s t e r s
b e i n g s u b s t a n t i a l in most of t h e cases. The
25 h y b r i d s formed as many as 14 d i f f e r e n t
c l u s t e r s . Many o f t h e c l u s t e r s c o n t a i n e d one
o r two h y b r i d s , w e l l s e p a r a t e d f r o m t h e p a r -
e n t s . I n some i n s t a n c e s , h y b r i d s o c c u p i e d t h e
same c l u s t e r as one o f t h e i r p a r e n t s . Some
h y b r i d s h a v i n g t h e same p a r e n t f e l l i n t h e
same c l u s t e r , b u t o t h e r s were w i d e l y d i s p e r s e d
( h y b r i d s i n v o l v i n g BR-2 or J 781).
DIVERGENCE ANALYSIS
I t i s i m p o r t a n t t o c o n s i d e r t h e r e a l i t y
o f t h e g e n e t i c d i v e r g e n c e assessed b y such
a n a l y s i s . One method would b e t o l o o k a t t h e
r e l a t i o n s h i p between t h e d i v e r g e n c e o f two
p a r e n t s and t h e h e t e r o s i s o b t a i n e d 1 n h y b r i d s
between them, a s t h e r e 1 s f a i r agreement t h a t
t h e s e two parameters a r e r e l a t e d t o a l a r g e
e x t e n t . Table 1 p r e s e n t s t h e r e l a t i o n s h i p
between g e n e t i c d i v e r g e n c e and h e t e r o s i s 1n
r e s p e c t to a developmental c h a r a c t e r , a compo-
n e n t o f y i e l d , and g r a i n y i e l d / p l a n t . I t can
b e seen t h a t , i n g e n e r a l , t h e r e i s f a i r agree-
ment between t h e presence of h e t e r o s i s and t h e
d i s t a n c e between t h e p a r e n t a l c l u s t e r s . Since
i n t e r n a l b a l a n c i n g o r even c a n c e l l a t i o n o f t h e
v a r i o u s components o f h e t e r o s i s can r e s t r i c t
t h e e x p r e s s i o n o f h e t e r o s i s , i t must b e consid-
e r e d t h a t d i s t a n c e a n a l y s i s has e s t i m a t e d
g e n e t i c d i v e r g e n c e i n t h i s m a t e r i a l .
Analysis Results
I t appears, t h e n , t h a t s u b s t a n t i a l g e n e t i c
d i v e r s i t y has been generated f r o m crosses
i n v o l v i n g o n l y a l i m i t e d sample o f 1 0 genotypes
o f mung bean. The a l l e g e d l a c k o f g e n e t i c
v a r i a b i l i t y i n t h i s and presumably o t h e r p u l s e
crops needs t h e r e f o r e to be reexamined.
The wide d i v e r g e n c e found in t h e re-
s t r i c t e d sample o f mung bean examined by u s ,
i n c o n t r a s t t o t h e f i n d i n g s i n wheat
(Somayajulu, J o s h i and M u r t y 1970) is i n t e r e s t
i n g . The wheat genotypes, many of them p r o d -
u c t s o f h y b r i d i z a t i o n i n v o l v i n g e x o t i c wheats,
f e l l i n t o f o u r o r f i v e c l u s t e r s o n l y .
The a v a i l a b l e genotypes in mung bean, and
presumably o t h e r p u l s e s , have n o t undergone,
a p p a r e n t l y , s e l e c t i o n f o r s i m i l a r m a t u r i t y ,
g r a i n s i z e o r d i s e a s e r e s i s t a n c e a s have t h e
wheat t y p e s , and t h i s has p r e s e r v e d g r e a t e r
d i v e r g e n c e . I t appears f e a s i b l e , b y s y n t h e -
s i z i n g a gene pool by I n t e r c r o s s t i n g as l a r g e a 
number o f v a r i e t i e s a s p o s s i b l e , t o b u i l d u p
an immense s t o r e o f v a r i a b i l i t y which t h e
bree d e r can seek t o a p p r o p r i a t e l y m a n i p u l a t e .
NEED FOR IDEOTYPE
FOR PULSE IMPROVEMENT
I t i s p o s s i b l e t h a t a major reason f o r
t h e l a c k o f p r o g r e s s i n p u l s e improvement
m i g h t b e n o t l a c k o f g e n e t i c v a r i a b i l i t y per
s e , b u t r a t h e r t h e l a c k o f a n i d e o t y p e t h a t the
breeder s h o u l d l o o k f o r . The concept o f p l a n t
t y p e has r e c e i v e d much a t t e n t i o n i n t h e
l i f t i n g o f y i e l d c e i l i n g s i n c e r e a l s . I t i s
n o t c l e a r , however, what would b e t h e i d e a l
p l a n t t y p e t o aim f o r i n g r a i n legumes. Any
a t t e m p t t o use t h e m o r p h o l o g i c a l framework
developed f o r h i g h y i e l d i n g c e r e a l s would
perhaps b e i r r a t i o n a l . I t m i g h t , t h e r e f o r e ,
b e u s e f u l t o c o n s i d e r I n f o r m a t i o n o b t a i n e d from
a s s o c i a t i o n a n a l y s i s which may have a b e a r i n g
o n t h i s q u e s t i o n .
Correlation Analysis
Much o f t h e i n f o r m a t i o n a v a i l a b l e o n
a s s o c i a t i o n o f p l a n t c h a r a c t e r s w i t h g r a i n
y i e l d has been based on d a t a o b t a i n e d in a 
l i m i t e d number of g e n e t i c backgrounds and does
n o t go beyond s u g g e s t i n g t h a t number of pods/
p l a n t and seeds/pod show s t r o n g a s s o c i a t i o n
w i t h y i e l d , a s would perhaps b e expected even
on a p r i o r i grounds. C o r r e l a t i o n a n a l y s i s on
d a t a o b t a i n e d f r o m 1500 F 2 p l a n t s d e r i v e d f r o m
2 5 crosses a r e p r e s e n t e d i n Table 2 . I t can
be seen t h a t most of t h e development and
component c h a r a c t e r s e x h i b i t s i g n i f i c a n t asso-
c i a t i o n w i t h y i e l d . Pods/plant and seeds/pod
a g a i n t u r n o u t t o b e h i g h l y c o r r e l a t e d , b u t
o t h e r c h a r a c t e r s such as b u n c h e s / p l a n t , pods/
bunch, number o f i n f l o r e s c e n c e s / p l a n t , l e a v e s /
p l a n t , c h l o r o p h y l l d e p t h , h a r v e s t i n d e x and
b r a n c h e s / p l a n t a l s o show s i g n i f i c a n t and appre-
c i a b l e c o r r e l a t i o n w i t h g r a i n y i e l d / p l a n t .
Methods of Breeding for Ideotype
A s s o c i a t i o n a n a l y s i s suggests t h a t a p l a n t
which produces l a r g e r number o f p o d s / p l a n t
w i t h g r e a t e r number of seeds/pod would be
d e s i r a b l e . The q u e s t i o n now 1s how t h e s e
I n c r e a s e s , e s p e c i a l l y i n number o f p o d s / p l a n t ,
a r e t o b e a t t a i n e d . T h i s c o u l d , o f c o u r s e , b e
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Table 2. Correlation in 1500 F, Plants of Green Gram (Phaseolus Aureus)
C h a r a c t e r s
B r a n c h e s / p l a n t
L e a v e s / p l a n t
I n f . / p l a n t
B u n c h e s / p l a n t
P o d s / p l a n t
Pods /bunch
Seeds /pod
C h l o r o p h y l l Depth
H a b i t
100 seed w e i g h t
H . I .
Y i e l d
0 . 3 0 4 *
0 .366
0 . 4 3 0 *
0 .600
0 .725@





















































- C o r r e l a t i o n s non s i g n i f i c a n t ; does n o t a r i s e
@ C o r r e l a t i o n s s i g n i f i c a n t i n C o r r e l a t i o n a n a l y s i s a t p a r e n t a l / F , p o p u l a t i o n l e v e l
* C o r r e l a t i o n s non s i g n i f i c a n t a t p a r e n t a l / F 1 p o p u l a t i o n l e v e l
done by i n c r e a s i n g t h e number of branches/plant
or b y m a n i p u l a t i n g number o f bunches/plant and
pods/bunch. The f a c t t h a t branch number has a 
ower a s s o c i a t i o n w i t h y i e l d t h a n bunches/
p l a n t o r pods/bunch would suggest t h a t i t
m i g h t b e f e a s i b l e t o i n c r e a s e p o d s / p l a n t w i t h -
o u t I n c r e a s i n g t h e number o f branches. The
b r e e d e r s h o u l d l o o k f o r a l a r g e r number o f
l e a v e s , w i t h a l a r g e r p r o p o r t i o n o f t h e s e
h a v i n g i n f l o r e s c e n c e s i n t h e i r a x i l , borne o n
a fewer branches. T h i s may mean s h o r t e r
I n t e r n o d e s w i t h f l o w e r i n g s t a r t i n g a t a s e a r l y
an I n t e r n o d e as p o s s i b l e . Since synchronous
m a t u r i t y showed a n e g a t i v e a s s o c i a t i o n w i t h
p o d s / p l a n t , b r e e d i n g f o r n o n s h a t t e r i n g o r
c a p a c i t y t o h o l d t h e seeds f o r a c o m p a r a t i v e l y
l o n g e r t i m e may be needed.
A n a l t e r n a t i v e p a t h t o reach l a r g e r
number of p o d s / p l a n t would be to l o o k f o r a 
l a r g e r I n f l o r e s c e n c e combined w i t h b e t t e r pod
s e t . I f pod s e t c o u l d b e Improved i t may b e
p o s s i b l e t o a t t a i n t h e o b j e c t i v e even more
e a s i l y . Flower drop has been, i n d e e d , one of
t h e major f a c t o r s 1n n o t r e a l i z i n g t h e f u l l
p o t e n t i a l I n h e r e n t i n many legumes. Since
removal a t random o f f l o w e r s does n o t h e l p t o
reduce f l o w e r drop ( H i c k s and Pendelton 1969
in soybean) s h o r t a g e of p h o t o s y n t h a t e may n o t
be t h e prime cause. An u n d e r s t a n d i n g of t h e
p h y s i o l o g i c a l b a s i s o f f l o w e r drop i s u r g e n t l y
needed.
Results with Heterogen Hybrids
Among t h e 25 h y b r i d s s t u d i e d , f i v e o u t -
y i e l d e d t h e b e s t p a r e n t , t h e e x t e n t o f h e t e r -
o s i s r a n g i n g f r o m 50%-82%, i n t h e main o r
monsoon season. Since t h e s e e s t i m a t e s are
based o n f i e l d r a i s e d p l a n t i n g s u s i n g agronomic
p r a c t i c e s recommended f o r l a r g e s c a l e
c u l t i v a t i o n , i t would be reasonable t o assume
t h a t t h o s e d i f f e r e n c e s a r e r e a l . I t w o u l d ,
t h e n , b e I n t e r e s t i n g t o compare t h e b e h a v i o r
o f t h e s e h e t e r o t i c h y b r i d s w i t h t h e t o p p a r e n t
so as t o o b t a i n some id e a o f t h e s u i t a b l e
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p l a n t t y p e . Such a comparison is presented in
Table 3. From such a comparison we found t h a t
compared t o t h e t o p p a r e n t , t h e h e t e r o t i c
h y b r i d s g e n e r a l l y :
1 . have f l o w e r e d a s e a r l y o r e a r l i e r
2 . reach m a t u r i t y a s l a t e o r s l i g h t l y
l a t e r
3. show l e s s synchrony in m a t u r i t y
4. possess 1.5 to 2 times t h e number of
po d s / p l a n t
5. have s l i g h t l y l a r g e r number o f seeds/
pod
6. have c o n s i d e r a b l y s m a l l e r seeds
7. show a more or l e s s s i m i l a r h a r v e s t
index
8. possess fewer or equal number of
b r a n c h e s / p l a n t
9. bear equal o r l a r g e r number of bunches/
p l a n t
10. have g r e a t e r number of pods/bunch
11. have s i m i l a r number o f l e a f a x i l s and
p r o p o r t i o n o f such l e a f a x i l s b e a r i n g
i n f l o r e s c e n c e s
12. f l o w e r a t a s l i g h t l y e a r l i e r node
13. show no p a r t i c u l a r p a t t e r n in r e s p e c t
o f p r o t e i n c o n t e n t , m e t h i o n i n e i n
f l o u r o r p e r c e n t m e t h i o n i n e i n p r o t e i n
The p l a n t t y p e suggested by a s s o c i a t i o n
a n a l y s i s and t h a t emerging from a comparison
o f h e t e r o t i c h y b r i d s and t o p p a r e n t agree t o a 
c o n s i d e r a b l e e x t e n t .
EXAMINATION OF
GENOTYPE BEHAVIOR
A n i m p o r t a n t aspect o f a l l crop produc-
t i o n , b u t p a r t i c u l a r l y o f g r a i n legume produc-
t i o n , i s t h e s t a b i l i t y o f y i e l d . I t might b e
i n t e r e s t i n g t h e n t o l o o k a t t h e p i c t u r e i n
c h i c k p e a . T h i s has been attempted (Ramanujam
& Gupta 1974) t h r o u g h an a n a l y s i s of G x E 
i n t e r a c t i o n a d o p t i n g t h e approach o f Eberhart
and Russel ( 1 9 6 6 ) . Through t h i s approach, i t
becomes p o s s i b l e t o d e f i n e t h e b e h a v i o r o f a 
genotype over l o c a t i o n s u s i n g t h r e e parameters
o v e r - a l l mean performance over a sample o f
environments, r e g r e s s i o n o n t h e p o t e n t i a l i t y
of each of these environments and a measure of
t h e d e v i a t i o n around t h i s r e g r e s s i o n l i n e .
Description of Experiment
A sample of 35 genotypes were grown in
s u i t a b l e l a y o u t a t t h r e e l o c a t i o n s : S i r s a ,
D e l h i and Hyderabad. At each l o c a t i o n , t h r e e
environments d i f f e r i n g in t h e N and P2O5
a p p l i c a t i o n was a v a i l a b l e g i v i n g a t o t a l o f
n i n e environments. For t h e p r e s e n t purpose,
i t might b e s u f f i c i e n t t o examine t h e e x t e n t
o f p r e d i c t a b l e ( n i l o r l i n e a r ) and non-
p r e d i c t a b l e ( n o n l i n e a r ) components of G x E 
I n t e r a c t i o n and t h e r e l a t i o n s h i p o f mean
performance, responsiveness and d e v i a t i o n f r o m
responsiveness o f y i e l d and o f i t s component
c h a r a c t e r s .
G x E Interaction
Table 4 shows t h e p r o p o r t i o n of t h e mean
square due to G x E i n t e r a c t i o n which is
e x p l a i n e d b y t h e l i n e a r r e g r e s s i o n and t h a t
which i s due t o d e v i a t i o n s from l i n e a r i t y . I t
i s obvious t h a t f o r most o f the c h a r a c t e r s
except seed/pod, number of p r i m a r y and second-
a r y branches and s u l p h u r c o n t e n t , t h e l i n e a r
p o r t i o n of G x E i n t e r a c t i o n was s u b s t a n t i a l .
A s t r i k i n g t h i n g was t h e l a r g e p r o p o r t i o n o f
genotypes which showed p r e d i c t a b l e b e h a v i o r .
Even i n r e s p e c t o f y i e l d , n e a r l y 45% showed
p r e d i c t a b l e b e h a v i o r . I n r e s p e c t t o p r o t e i n
c o n t e n t , n e a r l y 50% of t h e genotypes have a 
p r e d i c t a b l e b e h a v i o r b u t w i t h r e s p e c t t o
s u l p h u r c o n t e n t and p r o t e i n value index
( s u l p h u r c o n t e n t i n r e l a t i o n t o p r o t e i n
c o n t e n t ) , a m a j o r i t y of t h e genotypes showed a 
predominant n o n l i n e a r component and as such
are l i k e l y t o e x h i b i t u n p r e d i c t a b l e b e h a v i o r .
Correlation in Yield
and Other Components
The r e l a t i o n s h i p between y i e l d and i t s
components i n r e s p e c t o f t h e t h r e e s t a b i l i t y
parameters is examined in Table 5 which
presents t h e c o r r e l a t i o n between these param-
e t e r s f o r y i e l d and f o r t h e o t h e r components.
High performance ( d 1 ) i n r e s p e c t t o y i e l d
seems to be a s s o c i a t e d w i t h responsiveness
( c a p a c i t y t o respond t o b e t t e r environment) i n
r e s p e c t t o number o f p o d s / p l a n t , b u t w i t h l a c k
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Table 3. Comparison of Heterotic Munf Bean Hybrids With Best Parent Grown in the Monsoon Season
C h a r a c t e r
Y i e l d / p l a n t
50% f l o w e r i n g
50% m a t u r i t y
Synchrony
P o d s / p l .
Seeds /pod
H a r v e s t Index
P r o t e i n
M e t h i o n i n e
B r a n c h e s / p l .
B u n c h e s / p l .
Pods/bunch
L e a v e s / p l .
I n f l o r . / p l .
Nodes t o I I n f l .
H y b r i d







0 . 2 8































































0 . 3 0
















0 . 2 8








Table 4. Magnitude of Linear and Nonlinear Portion of Genotype x Environment Interaction
C h a r a c t e r
Y i e l d / p l a n t
Number o f p o d s / p l a n t
Seed/pod
Seed s i z e
Days t o f l o w e r
P l a n t h e i g h t
P l a n t l e n g t h
P l a n t b r e a d t h
Growth i n d e x
Y i e l d / g . 1 . u .
Number o f p r i m a r y b ranches
Number o f e f f e c t i v e
secondary b ranches
S u l p h u r c o n t e n t
% p r o t e i n c o n t e n t
P r o t e i n v a l u e i n d e x
L i n e a r % 
7 3 . 6 1
77 .43




6 2 . 4 1
73 .26
8 6 . 1 3
8 4 . 4 9




5 8 . 5 1




2 1 . 0 1
4 0 . 8 2
30 .87
37 .59
2 6 . 7 4
13 .87
1 5 . 5 1
6 5 . 7 9
4 4 . 6 4
4 5 . 6 6
3 1 . 4 5
4 1 . 4 9
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o f r e s p o n s i v e n e s s f o r seed s i z e . High y i e l d
i s a s s o c i a t e d w i t h responsiveness i n r e s p e c t
t o r a t i o y 1 e l d / g . 1 . u . b u t n o t f o r g.1.u. ( a
measure o f v e g e t a t i v e growth) i t s e l f . I n t e r -
e s t i n g l y h i g h performance f o r y i e l d i s
a s s o c i a t e d w i t h responsiveness f o r p r o t e i n
c o n t e n t .
Predictability of Yield
and Other Characters
I t m i g h t b e I n t e r e s t i n g t o l o o k a t t h e
p r e d i c t a b i l i t y o f y i e l d (as measured b y
r e g r e s s i o n o v e r e n v i r o n m e n t a l index and d e v i a -
t i o n s t h e r e f r o m ) and t h a t o f o t h e r c h a r a c t e r s .
C o r r e l a t i o n a n a l y s i s o f t h e r e l e v a n t B 1 and
s 2 d i v a l u e s is in Table 5.
There is v e r y l i t t l e r e l a t i o n s h i p between
t h e measure o f d e v i a t i o n f r o m t h e response
l i n e o f any o t h e r c h a r a c t e r and mean p e r f o r -
mance o r responsiveness f o r y i e l d . Except i n
t h e case o f p o d s / p l a n t , t h e r e i s n o c o r r e l a -
t i o n o f d e v i a t i o n f r om response l i n e f o r y i e l d
and t h a t f o r any o t h e r c h a r a c t e r . However,
responsiveness i n r e s p e c t t o y i e l d i s p o s i -
t i v e l y r e l a t e d w i t h responsiveness i n r e s p e c t
t o p o d s / p l a n t , y i e l d / g . i . u . , b u t nonrespon-
s i v e n e s s i n r e s p e c t t o v e g e t a t i v e growth.
There is no r e l a t i o n s h i p between r e s p o n s i v e -
ness f o r y i e l d and f o r p r o t e i n c o n t e n t .
BREEDING FOR
GENOTYPE PERFORMANCE
To b u i l d up a genotype capable of g i v i n g
a good performance under optimum c o n d i t i o n s ,
one would have t o l o o k f o r responsiveness f o r
number o f p o d s / p l a n t s and g r a i n y i e l d f o r u n i t
o f v e g e t a t i v e growth. T h i s would mean l a r g e r
number of pods t h r o u g h g r e a t e r number of pods/
branch and n o t t h r o u g h g r e a t e r number o f
b r a n c h e s / p l a n t . Ways o f a c h i e v i n g t h i s m i g h t
b e t o l o o k f o r g r e a t e r number o f pods per node,
s h o r t e r i n t e r n o d e s , r e s t r i c t e d development o f
t h e compound l e a f , r e d u c t i o n i n f l o w e r wastage
and more t h a n one seed per pod. The agreement
between t h e d e s i r e d a r c h i t e c t u r e 1 n c h i c k p e a
a r r i v e d a t by t h i s approach and t h a t f o r mung
bean d e s c r i b e d e a r l i e r i s q u i t e s t r i k i n g .
Comparison with Chickpea
Leaf Mutants Experiments
I t m i g h t b e i n t e r e s t i n g t o r e c a l l i n t h i s
c o n n e c t i o n some l e a f mutants d e s c r i b e d e a r l i e r
i n c h i c k p e a . I n one o f t h e s e m u t a n t s ,
d e s i g n a t e d t h e s i m p l e l e a f mutant, t h e com-
pound l e a f i s r e p l a c e d b y a s i m p l e l a m i n a .
Since t h i s i s one o f t h e ways suggested above
o f i m p r o v i n g t h e h a r v e s t i n d e x , 1 t m i g h t b e
i n t e r e s t i n g t o compare t h e b e h a v i o r o f t h i s
t y p e w i t h normal t y p e s . Table 6 p r e s e n t s such
a comparison w i t h C. 235, one of t h e e l i t e
v a r i e t i e s grown at t h e c o n v e n t i o n a l 30 x 10 cm
s p a c i n g as w e l l as at a n a r r o w e r s p a c i n g of
15 x 7.5 cm. Simple l e a f mutant as w e l l as
T1ny l e a f mutant were grown a t t h e n a r r o w e r
s p a c i n g . I n t h e T i n y l e a f mutant, t h e leaves
show a second o r d e r of b r a n c h i n g and 1n a 
sense a r e moving i n t h e d i r e c t i o n o p p o s i t e t o
t h e s i m p l e l e a f mutant. I t p r o b a b l y would n o t
b e j u s t i f i a b l e t o compare t h e y i e l d s / p l o t
because o f two f a c t o r s : t h e f a c t t h a t s i m p l e
l e a f f l o w e r e d e a r l i e r and s u f f e r e d e x t e n s i v e
f l o w e r drop due t o a n unusual c o l d s p e l l and
t h e f a c t t h a t C . 235 i s p r o b a b l y t h e b e s t
e l i t e t y p e a v a i l a b l e . E x t e n s i v e w i l t i n g l a t e
i n t h e season a l s o a f f e c t e d a l l t h e p l o t s .
When we l o o k a t t h e h a r v e s t i n d e x ,
however, we f i n d , b o t h on a p l a n t b a s i s and on
a p l o t b a s i s under s i m i l a r s p a c i n g , s i m p l e
l e a f has done much b e t t e r than C. 235 o r T i n y
l e a f . There i s l i t t l e d i f f e r e n c e between t h e
l a t t e r two genotypes. C. 235 has s u f f e r e d
c o n s i d e r a b l y in h a r v e s t index when s p a c i n g is
reduced f r o m 30 x 10 to 15 x 7.5 cm, rank
g r o w t h , l o d g i n g and shading b e i n g a p p a r e n t i n
t h e f i e l d . I t was f e l t t h a t s i m p l e l e a f m i g h t
s t a n d even narrower s p a c i n g and t h u s h i g h e r
p o p u l a t i o n p r e s s u r e w i t h o u t any d e t r i m e n t a l
e f f e c t . Such approaches t o reduced v e g e t a t i v e
growth may need more s e r i o u s e v a l u a t i o n in









R. M u r t y :
S . W a l l i s :
DISCUSSION
You have t a l k e d abou t g e n e t i c d i v e r s i t y , p e r f o r m a n c e o f c r o s s e s , and
c o m p l i c a t e d a n a l y s e s . I s t h i s a l l necessa ry f o r t h e p r a c t i c a l p l a n t
b reede r? I n m y o p i n i o n w e s h o u l d l o o k f o r s i m p l e c r i t e r i a l i k e h i g h
y i e l d .
Y i e l d i s a complex f a c t o r and t h e r e f o r e we may n o t l o o k f o r a s i m p l e
a p p r o a c h . In P . a u r e u s , seed d e n s i t y , m a t u r i t y and seed s i z e make
d i f f e r e n t quantums o f c o n t r i b u t i o n t o y i e l d .
The t e c h n i q u e o f u s i n g m u l t i v a r i a t e a n a l y s i s 1 s n o t new. I t i s 4 0
y e a r s o l d . However i t s a p p l i c a t i o n has now become w i d e r . Such
a n a l y s e s a r e necessa ry f o r u n d e r s t a n d i n g t h e f a c t o r s o f d i v e r g e n c e .
F u r t h e r deve lopments o f c l a s s i f i c a t i o n methods have been used a t
U n i v e r s i t y o f Queensland ( A k i n o l a and Whiteman AJAR 1972 and
Margumery, S h o r t e r and B y t h AJAR 1 9 7 4 ) .
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P u l s e s , i n g e n e r a l , g i v e l o w e r y i e l d s
than c e r e a l s . This o b s e r v a t i o n has suggested
t o some t h a t pulses may have a lower g e n e t i c
p o t e n t i a l f o r y i e l d than the c e r e a l crops ( f o r
a good review see M i l n e r 1973; Swaminathan
1973; Swaminathan and J a i n 1973). However,
t h e r e i s n o c o m p e l l i n g evidence a t present t o
suggest t h a t t h i s i s so. O n t h e c o n t r a r y , the
a v a i l a b l e evidence . i n d i c a t e s t h a t the pulse
crops have as h i g h or a h i g h e r g e n e t i c
p o t e n t i a l f o r y i e l d than t h e c e r e a l s .
The lower y i e l d s of pulses compared to
c r e a l s a t t h e p r e s e n t t i m e are n o t d i f f i c u l t
t o understand. U n l i k e t h e c e r e a l s , pulses
have been grown f o r hundreds of years under
marg i n a l c o n d i t i o n s o f m o i s t u r e s t r e s s and low
s o i l f e r t i l i t y . I f we compare t h e y i e l d s o f
pul s e crops w i t h those of c e r e a l s grown under
s i m i l a r c o n d i t i o n s of m o i s t u r e s t r e s s , we may
f i n d t h a t some o f t h e c e r e a l s g i v e lower
y i e l d s .
Man began a g r i c u l t u r e in d e v e l o p i n g
c o u n t r i e s l i k e I n d i a n e a r l y f i v e thousand
y e a r s ago when t h e p r e s e n t day crop p l a n t s
were f i r s t d o m e s t i c a t e d . F o l l o w i n g human
s e l e c t i o n d u r i n g t h i s p e r i o d , the domesticated
species have changed many o f t h e i r morpholog-
i c a l and p h y s i o l o g i c a l c h a r a c t e r i s t i c s i n
a s s o c i a t i o n w i t h improvement i n y i e l d s . I t i s
i m p o r t a n t , however, t o a p p r e c i a t e t h a t not a l l
crop p l a n t s have been s u b j e c t e d to the same
degree of human s e l e c t i o n . The c e r e a l s crops
l i k e wheat and r i c e have r e c e i v e d f a r greater-
a t t e n t i o n than t h e p u l s e crops f o r t h e y have
been the s t a p l e f o o d o f most people. I t would
b e t r u e t o say t h a t even a f t e r t h e i r domesti-
c a t i o n s e v e r a l thousand years ago, many of
t h e pulses have c o n t i n u e d to be grown in
c o u n t r i e s l i k e I n d i a under c o n d i t i o n s which
are not v e r y d i f f e r e n t f r o m those found i n
t h e i r o r i g i n a l h a b i t a t s . Under these c o n d i -
t i o n s o f poor crop management, n a t u r a l
s e l e c t i o n has been a much g r e a t e r d e t e r m i n a n t
i n the p l a n t t y p e and o t h e r c h a r a c t e r i s t i c s o f
the p u l s e crops than human s e l e c t i o n .
Role of Natural Selection
I t i s w e l l known t h a t t h e needs o f n a t u r a l
and human s e l e c t i o n are v e r y d i f f e r e n t . Nat-
u r a l s e l e c t i o n i s more concerned w i t h those
c h a r a c t e r i s t i c s o f t h e p l a n t which enable i t
t o p e r p e t u a t e i t s e l f under h i g h l y c o m p e t i t i v e
c o n d i t i o n s . Under these c o n d i t i o n s and a 
f l u c t u a t i n g environment, a d a p t a t i o n becomes
f a r more i m p o r t a n t than y i e l d . I n o r d e r t o
g i v e h i g h y i e l d s , crop p l a n t s have t o develop
c e r t a i n agronomic c h a r a c t e r i s t i c s , which may
be o f r e l a t i v e l y l i t t l e v a l u e under t h e
c o m p e t i t i v e and s t r e s s c o n d i t i o n s o f a p r i m i -
t i v e a g r i c u l t u r e .
Experimental Evidence
of Natural Selection
The experiment of Harlan and M a r t i n i
(1938) on a number of b a r l e v v a r i e t i e s is a 
1
 Based on a manuscript prepared f o r t h e I n d i a n J o u r n a l of Genetics and P l a n t Breeding
2
 I n d i a n A g r i c u l t u r a l Research I n s t i t u t e , New D e l h i , I n d i a
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c l a s s i c a l s t u d y which shows c l e a r l y how n a t -
u r a l and human s e l e c t i o n s f a v o r d i f f e r e n t
t r a i t s i n crop p l a n t s . These a u t h o r s s e l e c -
t e d a number o f h i g h y i e l d i n g v a r i e t i e s o f
b a r l e y developed i n d i f f e r e n t p a r t s o f t h e
U n i t e d S t a t e s and grew them in u n s e l e c t e d
m i x t u r e s f o r a number o f y e a r s a t d i f f e r e n t
l o c a t i o n s . The m i x t u r e was i n i t i a l l y con-
s t i t u t e d b y b u l k i n g equal number o f seeds o f
each of t h e v a r i e t i e s . The b u l k seed har-
v e s t e d from t h e mixed crop was r e p l a n t e d y e a r
a f t e r y e a r i n each o f t h e l o c a t i o n s w i t h o u t
any s e l e c t i o n . H a r l a n and M a r t i n i found a t
t h e end o f a t w e l v e y e a r p e r i o d t h a t t h e v a r i -
e t y which was known t o b e h i g h e s t y i e l d i n g a t
a p a r t i c u l a r l o c a t i o n was n o t n e c e s s a r i l y t h e
most s u c c e s s f u l a t t h a t l o c a t i o n when grown i n
t h e s e v a r i e t a l m i x t u r e s . A r e l a t i v e l y l o w e r
y i e l d i n g v a r i e t y was found to show a g r e a t e r
i n c r e a s e i n t h e p r o p o r t i o n o f i t s seeds t h a n
t h e h i g h y i e l d i n g v a r i e t y , because o f i t s
g r e a t e r c o m p e t i t i v e a b i l i t y .
s i m i l a r t o those o f c e r e a l s can b e developed
in these c r o p s . We a l r e a d y have examples f r o m
soybean, broadbean (Bean 1967) and green gram
(Ho 1974) i n s u p p o r t o f t h i s c o n c l u s i o n .
These p u l s e crops have r e c e i v e d r e l a t i v e l y
g r e a t e r a t t e n t i o n from t h e s t a n d p o i n t o f t h e i r
g e n e t i c improvement. Table 1 shows t h e y i e l d s
of these crops on an a b s o l u t e b a s i s and on a 
per day b a s i s . These y i e l d s have been com-
pared w i t h those o f one o f t h e h i g h e s t y i e l d -
i n g wheat v a r i e t i e s a v a i l a b l e a t p r e s e n t . I t
w i l l be seen t h a t t h e per day p r o d u c t i v i t y o f
these p u l s e crops compares w e l l w i t h t h a t o f
t h e wheat v a r i e t y . Crops l i k e chickpea and
pigeonpea o f f e r s i m i l a r p o s s i b i l i t i e s o f i n -
crease i n t h e i r y i e l d .
BREEDING FOR
HIGHER YIELDS
Potential for Grain Legumes
I f w e r e c o g n i z e t h a t t h e g e n e t i c l i m i t a -
t i o n s t o y i e l d a r e n o g r e a t e r i n t h e case o f
g r a i n legumes than c e r e a l s and undertake
e q u a l l y i n t e n s i v e b r e e d i n g programs, we have
reason t o b e l i e v e t h a t h i g h y i e l d i n g v a r i e t i e s
The foremost need in o r g a n i z i n g improve-
ment programs f o r h i g h e r y i e l d s o f pulses i s
t o t a k e i n t o c o n s i d e r a t i o n t h e past s e l e c t i o n
h i s t o r y o f these c r o p s . A s f a r a s t h e
d e v e l o p i n g c o u n t r i e s are concerned, t h e r e i s
l i t t l e doubt t h a t many o f these crops c o n t i n u e
t o r e t a i n a number o f w i l d c h a r a c t e r i s t i c s ,
such as a bushy and s p r e a d i n g growth h a b i t
a s s o c i a t e d in many cases w i t h e x c e s s i v e vege-
t a t i v e g r o w t h , l a t e m a t u r i t y and t o x i c o r
o t h e r u n d e s i r a b l e c o n s t i t u e n t s i n t h e i r seeds.
Table 1. Absolute and Per Day Yield of Some High Yielding Varieties of Wheat and Grain Legumes (kg/ha)
Crop
*Wheat ( K a l y a n Sona)
**Soybean ( C l a r k - 6 3 )
Green gram (CES 87 -17 )
Broad bean ( I m p e r i a l Windsor )










p e r day y i e l d
39 .2
4 1 . 3
30 .4
4 5 . 1 0
* Sou rce : Repor t o f t h e C o o r d i n a t e d Agronomic E x p e r i m e n t s , 1 9 7 3 - 7 4 , A l l I n d i a Wheat Workshop,
ICAR.
* * Sou rce : M e h t a , N . K . , IARI ( u n p u b l i s h e d )
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These c h a r a c t e r i s t i c s serve t h e crop w e l l
under s t r e s s c o n d i t i o n s .
Indeed, the p r e s e n t l y a v a i l a b l e v a r i e t i e s
of p u l s e c r o p s , even though they have a low
y i e l d p o t e n t i a l , should not b e dismissed
l i g h t l y f o r they have i n c o r p o r a t e d through
thousands o f years o f n a t u r a l s e l e c t i o n
a t t r i b u t e s which make them adapted t o c o n d i -
t i o n s where v i r t u a l l y n o t h i n g e l s e w i l l grow.
A good example of t h i s is p r o v i d e d by
Lathyrus s a t i v u s , which i s grown i n I n d i a over
a n area o f n e a r l y f i v e m i l l i o n acres. The
g r a i n s o f t h i s pulse c a r r y a t o x i c amino a c i d
(Rao et al 1969) which is b e l i e v e d to be the
major f a c t o r r e s p o n s i b l e f o r l a t h y r i s m . I n
s p i t e o f t h i s knowledge and many government
e f f o r t s , i t has not been p o s s i b l e t o r e p l a c e
t h e Lathyrus crop i n I n d i a . The crop i s grown
in paddy f a l l o w s and t h e r e is no o t h e r crop
p l a n t e q u a l l y hardy which can r e p l a c e i t under
these c o n d i t i o n s . The development of high
y i e l d i n g v a r i e t i e s i n pulses comparable t o
those in c e r e a l s r e q u i r e s breeding f o r a new
l e v e l of management. Two kinds of approaches
are i m p e r a t i v e i n t h i s r e g a r d .
Breeding for
Nonirrigated Conditions
Vast areas o f a g r i c u l t u r a l l a n d i n
c o u n t r i e s l i k e I n d i a w i l l c o n t i n u e t o b e non-
i r r i g a t e d f o r many years t o come. Pulse crops
w i l l c o n t i n u e t o have an i m p o r t a n t place i n
these r e g i o n s . The foremost need of these
r e g i o n s is to develop a new k i n d of agronomic
management f o r pulses as w e l l as f o r o t h e r
crops. I t i s now w e l l recognized t h a t
response t o f e r t i l i z e r a p p l i c a t i o n i s p o s s i b l e
even i n t h e case o f n o n i r r i g a t e d crops. I n
wheat, f o r example, v a r i e t i e s have been
developed which show such a response
(Bhardwaj 1973).
The a v a i l a b i l i t y of a new package of
agronomic p r a c t i c e s based on more e f f i c i e n t
t e chniques o f s o i l and water c o n s e r v a t i o n , use
o f l i m i t e d amounts o f chemical f e r t i l i z e r s ,
and chemical c o n t r o l o f i n s e c t pests should
make i t p o s s i b l e t o develop v a r i e t i e s w i t h a 
h i g h e r y i e l d p o t e n t i a l than those a v a i l a b l e
a t p r e s e n t .
The w i d e l y p r e v a i l i n g concept t h a t a 
n o n i r r i g a t e d crop cannot t a k e f u l l advantage
of an improved l e v e l of management has to be
d i s c a r d e d . There i s evidence t o show t h a t the
p r e s e n t s e t o f v a r i e t i e s can b e r e p l a c e d b y
r e l a t i v e l y h i g h y i e l d i n g types under these
c o n d i t i o n s , f o l l o w i n g t h e k i n d o f agronomic
improvement d e s c r i b e d above. The newly d e v e l -
oped pigeonpea v a r i e t i e s , Pusa A g e t i , Sharda
and Mukta and t h e Kanpur type-21 have generally
g i v e n h i g h e r y i e l d s even under n o n i r r i g a t e d
c o n d i t i o n s .
Breeding Varieties for
Intensive Cultivation
For a major p r o d u c t i o n advance comparable
t o t h a t i n c e r e a l s , the pulse crops must b e
f i t t e d i n t o a n i n t e n s i v e k i n d o f a g r i c u l t u r e .
The l i m i t e d evidence which we have at p r e s e n t
shows t h a t t h i s i s not o n l y p o s s i b l e b u t t h a t
i t can b e achieved w i t h o u t a g r e a t deal o f
c o m p e t i t i o n w i t h t h e c e r e a l c r o p s . The f o r e -
most need is to develop v a r i e t i e s w i t h a 
reduced m a t u r i t y d u r a t i o n which can b e f i t t e d
i n a s e r i e s o f m u l t i p l e c r o p p i n g p a t t e r n s .
A l s o , these v a r i e t i e s have to be bred f o r an
improvement i n t h e i r p l a n t t y p e , p a r t i c u l a r l y
in r e s p e c t of a h i g h e r h a r v e s t index. The
h a r v e s t index in a crop p r o v i d e s a measure of
t h e p r o p o r t i o n o f g r a i n s r e l a t i v e t o t h e t o t a l
p l a n t w e i g h t . I t i s u s e f u l t o e s t i m a t e har-
v e s t index b y p o o l i n g a l l the p l a n t s f r o m a 
l a r g e p l o t a s t h i s minimizes the r o l e o f
environmental f a c t o r s i n m o d i f y i n g i t . I n
t h e o r y , the c o n t r i b u t i o n o f r o o t s t o t o t a l d r y
m a t t e r p r o d u c t i o n should b e taken i n t o c o n s i d -
e r a t i o n w h i l e e s t i m a t i n g h a r v e s t i n d e x , but i n
p r a c t i c e t h i s i s r a r e l y done.
HARVEST INDEX IN PULSES
The s c i e n t i f i c b a s i s f o r the improvement
o f p l a n t t y p e i n pulses can b e r e a d i l y seen.
The s t r e s s c o n d i t i o n s under which pulses have
been c u l t i v a t e d f o r c e n t u r i e s has meant
s e l e c t i o n f o r c h a r a c t e r i s t i c s which c o n t r i b u t e
t o t h e e s t a b l i s h m e n t o f t h e crop under these
c o n d i t i o n s . One of t h e most i m p o r t a n t of
these c h a r a c t e r i s t i c s is a p r o f u s e v e g e t a t i v e
growth. I n n o o t h e r g r a i n legume can t h i s
growth be seen more c l e a r l y than in plgeonpea.
The t r a d i t i o n a l , l o n g d u r a t i o n v a r i e t i e s o f
plgeonpea grown in I n d i a o f t e n show a t o t a l
d r y m a t t e r p r o d u c t i o n o f n e a r l y 1 5 tons per
h e c t a r e . This amount exceeds t h e t o t a l d r y
m a t t e r p r o d u c t i o n i n t h e best o f t h e s p r i n g
wheat v a r i e t i e s a v a i l a b l e i n t h e w o r l d . Some
o f t h e h i g h e s t y i e l d i n g wheat v a r i e t i e s today
a r e t h e dwarf t y p e s developed in Mexico and
more r e c e n t l y i n I n d i a . These g i v e a g r a i n
y i e l d of n e a r l y 6 tons per h e c t a r e over a 
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p e r i o d o f f i v e months. These v a r i e t i e s a r e
comparable w i t h t h e e a r l y m a t u r i n g pigeonpea
v a r i e t i e s l i k e Pusa A g e t i and Type-21. Table
2 shows t h e d r y m a t t e r p r o d u c t i o n , g r a i n
y i e l d and h a r v e s t Index o f some o f these
pigeonpea v a r i e t i e s and those of chickpea and
wheat. I t i s c l e a r t h a t t h e main f a c t o r
r e s p o n s i b l e f o r t h e lower g r a i n y i e l d s o f
pigeonpea r e l a t i v e t o wheat i s t h e i r poor
h a r v e s t Index and n o t t h e i r p h o t o s y n t h e t i c
c a p a c i t y .
A s i m i l a r s i t u a t i o n can be seen in t h e
case o f c h i c k p e a . The t o t a l d r y m a t t e r
p r o d u c t i o n i n t h e chickpea v a r i e t i e s i s some-
what l e s s t h a n t h a t o f t h e h i g h e s t y i e l d i n g
v a r i e t i e s o f wheat. The d i f f e r e n c e , however,
is n o t as g r e a t as might be expected c o n s i d -
e r i n g t h e f a c t t h a t the former i s grown a s a 
n o n i r r i g a t e d c r o p . The lower g r a i n y i e l d s o f
chickpea v a r i e t i e s must again b e a t t r i b u t e d
p r i m a r i l y t o t h e i r lower h a r v e s t index.
The above a n a l y s i s shows c l e a r l y t h a t t h e
most i m p o r t a n t component of an improved p l a n t
t y p e in pulses must be a h i g h h a r v e s t i n d e x .
The m o r p h o l o g i c a l frame of t h e p l a n t must be
r e c o n s t r u c t e d i n such a way t h a t t h e t o t a l d r y
m a t t e r produced i s more e f f i c i e n t l y p a r t i -
t i o n e d between g r a i n s and the v e g e t a t i v e p a r t s .
BREEDING FOR
HIGHER HARVEST INDEX
I t may b e argued t h a t b r e e d i n g f o r a 
h i g h e r h a r v e s t Index (combined w i t h h i g h t o t a l
d r y m a t t e r p r o d u c t i o n ) amounts t o b r e e d i n g f o r
y i e l d . I t s h o u l d b e emphasized i n t h i s
c o n t e x t t h a t s e l e c t i o n f o r a h i g h e r h a r v e s t
index is p o s s i b l e on a phenotypic b a s i s . The
r e c e n t work on t h e development of dwarf
v a r i e t i e s of wheat and r i c e has shown t h a t one
or a few major gene m u t a t i o n s can b r i n g about
e x t e n s i v e r e c o n s t r u c t i o n o f t h e p l a n t t y p e ,
which i s a s s o c i a t e d w i t h a n improvement I n t h e
dwarf v a r i e t i e s o f wheat, and t h i s c o n t r i b u t e s
i n a s i g n i f i c a n t manner t o t h e h i g h e r y i e l d s
o f these v a r i e t i e s ( T a b l e 3 ) . The o t h e r
i m p o r t a n t component i s a good t i l l e r i n g
c a p a c i t y . There are no a p r i o r i grounds to
suggest t h a t a g e n e t i c r e c o n s t r u c t i o n o f t h e
p l a n t t y p e i n f a v o r o f a h i g h e r h a r v e s t Index
cannot be achieved in p u l s e s . The improvement
may be a s s o c i a t e d w i t h a more d e t e r m i n a t e
growth h a b i t and r e l a t i v e i n s e n s i t i v i t y t o
p h o t o p e r i o d i c c o n d i t i o n s , but t h i s i s n o t
e s s e n t i a l . I n wheat and r i c e , a p a r t f r o m
d w a r f i n g , r e l a t i v e p h o t o i n s e n s i t i v i t y i s o f t e n
a s s o c i a t e d w i t h a n improvement i n h a r v e s t
i n d e x . The e a r l y m a t u r i n g r e l a t i v e l y photo-
i n s e n s i t i v e p u l s e v a r i e t i e s may b e found t o b e
a s s o c i a t e d w i t h a s i m i l a r i n c r e a s e i n t h e i r
h a r v e s t i n d e x . This b e l i e f i s s u p p o r t e d b y
some o f t h e r e c e n t work i n I n d i a on t h e
development o f new v a r i e t i e s o f pigeonpea.
I t s h o u l d b e emphasized, however, t h a t a 
h i g h h a r v e s t index can a l s o be combined w i t h
a n i n d e t e r m i n a t e growth h a b i t and l a t e matu-
r i t y . T h i s i s shown by t h e remarkable p r o -
gress made 1n I n d i a i n r e c e n t y e a r s i n
d e v e l o p i n g h i g h y i e l d i n g F 1 h y b r i d s o f upland
c o t t o n . The Hybrid-4 s t r a i n o f Gossypium
h i r s u t u m developed by Dr. C.T. P a t e l of
G u j a r a t shows t h i s k i n d o f p l a n t t y p e . The
h y b r i d has been r e p o r t e d to g i v e a r e c o r d
y i e l d o f 40-50 q u i n t a l s per h e c t a r e o f seed
c o t t o n and a l r e a d y covers thousands o f acres
i n t h e western and p e n i n s u l a r p a r t s o f t h e
c o u n t r y . I n s e l e c t i n g f o r a h i g h h a r v e s t
i n d e x i n p u l s e s , t h e i m p o r t a n t r e q u i r e m e n t i s
t o i n c r e a s e t h e r e l a t i v e p r o p o r t i o n o f e f f e c -
t i v e pods per p l a n t . T h i s may be p o s s i b l e
b o t h w i t h and w i t h o u t p h o t o i n s e n s i t i v i t y .
P h o t o i n s e n s i t i v i t y , however, i s d e s i r a b l e i n
i t s own r i g h t f o r i t s h o u l d make i t p o s s i b l e
t o f i t t h e new v a r i e t i e s i n t o m u l t i p l e c r o p -
p i n g p a t t e r n s .
Harvest Index
and Root Growth
I t should b e emphasized t h a t a g e n e t i c
r e c o n s t r u c t i o n o f t h e p l a n t t y p e i n f a v o r o f a 
h i g h e r index must t a k e i n t o c o n s i d e r a t i o n t h e
requirements o f t h e r o o t system i n t h e p l a n t .
This would b e p a r t i c u l a r l y i m p o r t a n t i n t h e
case o f v a r i e t i e s recommended f o r n o n i r r i g a t e d
areas o f l i m i t e d r a i n f a l l . Most o f t h e p u l s e
v a r i e t i e s l i k e t h o s e o f pigeonpea grown under
these c o n d i t i o n s have been s e l e c t e d f o r a w e l l
developed r o o t system, which can e x t r a c t
m o i s t u r e f r o m t h e deeper l a y e r s o f t h e s o i l s .
Any a t t e m p t t o r e p a r t i t i o n t h e d r y m a t t e r
between t h e v e g e t a t i v e and r e p r o d u c t i v e p a r t s
s h o u l d n o t b e a t t h e expense o f t h e r o o t
system in such cases. F o r t u n a t e l y , t h e r e 1s
evidence t o show t h a t p o s s i b i l i t i e s e x i s t t o
combine a h i g h h a r v e s t index w i t h a w e l l
developed r o o t system. One of t h e b e s t exam-
p l e s i s p r o v i d e d b y dwarf v a r i e t i e s o f wheat
l i k e Kalyansona. The v a r i e t y g i v e s h i g h
y i e l d s b o t h under i r r i g a t e d and n o n i r r i g a t e d
c o n d i t i o n s and i s p a r t i c u l a r l y remarkable f o r
i t s c a p a c i t y t o show good t i l l e r i n g and r o o t
f o r m a t i o n under c o n d i t i o n s o f m o i s t u r e
s t r e s s .
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* * * C h i c k p e a




Pusa A g e t i
Sharda
Pusa 53
Sel 5 3 9 . 1
C235
B i o l o g i c a l y i e l d









Harves t i n d e x
38.57
3 8 . 8 1















* Based on K u l s h r e s h t r a and J a i n ( u n p u b l i s h e d )
* * Based on S i n g h , Pahuja and J a i n ( u n p u b l i s h e d )
* * *Based on B a h l , Raju and J a i n ( u n p u b l i s h e d )
Table 3. Yield and Harvest Index in Bread Wheat* (Quintals/Hectare)
V a r i e t i e s
T a l l (NP 824)
Semi -dwar f ( S o n a l i k a )
Dwarf ( M o t i )




Harves t i ndex
30.65
35.37
4 0 . 4 8




* Based on J a i n and K u l s h r e s h t r a ( u n p u b l i s h e d )




More i m p o r t a n t is t h e r e c e n t evidence on
t h e p a t t e r n o f r o o t development i n d i f f e r e n t
v a r i e t i e s o f c o t t o n and o t h e r crops (Wakhaloo
et a l . 1973, Katyal and Subbiah 1971). The
main f i n d i n g i s t h a t t h e r e i s c o n s i d e r a b l e
i n t e r g e n o t y p e v a r i a t i o n i n t h i s r e g a r d and i t
s h o u l d be p o s s i b l e to s e l e c t f o r a deep r o o t
system both i n the e a r l y m a t u r i n g and l a t e
m a t u r i n g groups o f v a r i e t i e s . The e a r l y
m a t u r i n g v a r i e t i e s o f c o t t o n i n c l u d e d i n these
s t u d i e s had been bred f o r a h i g h e r h a r v e s t
i n d e x .
Role of Early Maturing Varieties
A l s o , t h e w i d e l y p r e v a i l i n g concept t h a t
e a r l y m a t u r i n g v a r i e t i e s have n o r o l e i n non-
i r r i g a t e d areas i s not v a l i d . The h i g h e s t
y i e l d i n g v a r i e t i e s i n pigeonpea under these
c o n d i t i o n s i n I n d i a are n o t t h e l a t e m a t u r i n g
t r a d i t i o n a l t y p e s , but some o f t h e newly
e v o l v e d e a r l y and medium m a t u r i n g v a r i e t i e s .
PHYSIOLOGICAL BASIS
OF HARVEST INDEX
The t r a d i t i o n a l v a r i e t i e s o f pulses l i k e
pigeonpea and chickpea tend to combine h i g h
t o t a l d r y m a t t e r p r o d u c t i o n w i t h a poor har-
v e s t index. The p h y s i o l o g i c a l b a s i s o f t h i s
m a l d i s t r i b u t i o n o f d r y m a t t e r i n t h e p l a n t i s
becoming i n c r e a s i n g l y c l e a r .
Function of
Photosynthetic Activity
I t has been found t h a t i t i s l a r g e l y a 
f u n c t i o n o f a h i g h l y nonuniform d i s t r i b u t i o n
o f p h o t o s y n t h e t i c a c t i v i t y over t h e growth
p e r i o d o f t h e p l a n t . The p h o t o s y n t h e t i c
a c t i v i t y i s more pronounced d u r i n g t h e veg-
e t a t i v e phase o f crop growth c o n t r i b u t i n g t o
t o t a l d r y m a t t e r p r o d u c t i o n , which may exceed
t h a t o f t h e c e r e a l s , a s w e f i n d i n t h e case o f
pigeonpea. However, the p h o t o s y n t h e t i c r a t e s
r e g i s t e r a sharp d e c l i n e as pods begin to
develop. The drop i s a s s o c i a t e d w i t h a f a l l
i n t o t a l n i t r o g e n c o n t e n t o f leaves and l o s s
o f RuDP a c t i v i t y . T h i s appears t o be a 
general phenomenon in pulses as shown by t h e
work of Sinha (1973, 1974) on t h e b a s i s of h i s
s t u d i e s on c h i c k p e a , cowpea, pigeonpea and
green gram. This d e c l i n e i n p h o t o s y n t h e t i c
a c t i v i t y i s found t o b e a s s o c i a t e d w i t h t h e
d i s i n t e g r a t i o n o f n o d u l e s , w i t h t h e r e s u l t
t h a t supply o f n i t r o g e n becomes l i m i t e d and
th e p l a n t has t o depend o n t h e n i t r o g e n a l -
ready accumulated i n t h e l e a v e s . Support f o r
t h i s c o n c l u s i o n has a l s o come f r o m t h e work o f
Hardy (1974) on soybean in t h e course of h i s
C02 enrichment experiments d u r i n g f r u i t
development.
Influence of Sink Capacity
We must, t h e r e f o r e , conclude t h a t t h e
h a r v e s t index i n pulses i s poor n o t because o f
a poor s i n k c a p a c i t y . Indeed, t h e s i n k i n
many of t h e p u l s e s appears to be u n u s u a l l y
l a r g e when one c o n s i d e r s t h e f l o w e r i n g
p o t e n t i a l o f these c r o p s . Crops l i k e pigeon-
pea and chickpea are v e r y p r o f u s e i n t h e i r
f l o w e r i n g . Many o f t h e f l o w e r s , however, a r e
l o s t due to shedding and t h e pods which do
develop are o n l y p a r t i a l l y f i l l e d .
Conclusions on
Photosynthetic Activity
The c o n c l u s i o n t h a t p h o t o s y n t h e t i c
a c t i v i t y i n p u l s e crops d e c l i n e s a s pod forma-
t i o n s t a r t s has i m p o r t a n t i m p l i c a t i o n s .
S e l e c t i o n f o r a h i g h h a r v e s t index can be
expected to be a s s o c i a t e d w i t h a more u n i f o r m
d i s t r i b u t i o n o f p h o t o s y n t h e t i c a c t i v i t y d u r i n g
t h e l i f e o f t h e p l a n t . There a r e good reasons
why n a t u r a l s e l e c t i o n s h o u l d f a v o r h i g h
p h o t o s y n t h e t i c a c t i v i t y i n t h e p r e f l o w e r i n g
stages o f p l a n t growth. A s e x p l a i n e d e a r l i e r ,
under t h e s t r e s s c o n d i t i o n s i n which pulses
have been t r a d i t i o n a l l y grown, t h e most
i m p o r t a n t r e q u i r e m e n t i s t h e e s t a b l i s h m e n t o f
a good s t a n d . I n t h e absence o f t h i s , t h e
p l a n t i s n o t expected t o s u r v i v e and hence t h e
s e l e c t i o n , f o r e x c e s s i v e v e g e t a t i v e growth i n
t h e p r e f l o w e r i n g s t a g e s .
EXPERIMENTAL APPROACHES
FOR HIGH HARVEST INDEX
I n crops l i k e pigeonpea and c h i c k p e a ,
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major g a i n s in y i e l d s can be expected, as we
have seen, i f s e l e c t i o n i s p r a c t i c e d f o r a n
improvement i n p l a n t t y p e i n terms o f a high
h a r v e s t i n d e x , response t o i n c r e a s e d p l a n t
p o p u l a t i o n s per u n i t o f l a n d , and e a r l y
m a t u r i t y . The t o t a l d r y m a t t e r p r o d u c t i o n i n
these crops i s a l r e a d y q u i t e h i g h . I t can b e
f u r t h e r i n c r e a s e d through agronomic manipula-
t i o n s .
Cropping Patterns
Another d i r e c t i o n which the improvement
program can b e expected t o t a k e i n the f u t u r e
i s i n t h e b r e e d i n g o f v a r i e t i e s f o r cropping
p a t t e r n s d i f f e r e n t from t h e t r a d i t i o n a l
c r o p p i n g schemes, which have evolved l a r g e l y
in response to t h e needs of a maintenance k i n d
o f a g r i c u l t u r e . T h i s p o i n t can b e best i l l u s -
t r a t e d w i t h r e f e r e n c e t o t h e chickpea crop i n
I n d i a . The chickpea crop i n n o r t h e r n I n d i a i s
sown i n t h e month o f October and harvested i n
A p r i l , t a k i n g a t o t a l p e r i o d o f n e a r l y s i x
months i n the f i e l d . I f we study t h e p a t t e r n
o f crop growth d u r i n g t h i s p e r i o d , w e f i n d
t h a t t h e r e i s v e r y l i t t l e d u r i n g t h e f i r s t
t h r e e months and i t i s o n l y towards t h e end o f
January t h a t p r o d u c t i o n o f d ry m a t t e r p i c k s up,
f o l l o w e d by pod f o r m a t i o n in March. For the
f i r s t two and o n e - h a l f months, t h e crop
v i r t u a l l y s i t s i n t h e f i e l d showing h a r d l y any
growth. Sinha (1974) has made a study o f l e a f
area development d u r i n g d i f f e r e n t stages o f
crop growth in chickpea and h i s main observa-
t i o n 1s t h a t f o l l o w i n g very slow development,
the area shoots up d u r i n g t h e p e r i o d between
the l a s t week o f January and f i r s t week o f
March.
The main reason chickpea is p l a n t e d in
October and n o t i n January o r February i s t h a t
t h e crop i s r a i s e d e n t i r e l y under n o n i r r i g a t e d
c o n d i t i o n s and sowing is done on m o i s t u r e
conserved from t h e p r e c e d i n g monsoon r a i n s .
With m a n i p u l a t i o n o f agronomic c o n d i t i o n s ,
chickpea can b e f i t t e d i n t o new c r o p p i n g p a t -
t e r n s , which would h e l p t o reduce the m a t u r i t y
d u r a t i o n o f t h i s crop and f i t i t i n t o more
p r o d u c t i v e crop sequences. Breeding o f v a r i -
e t i e s o f the f o l l o w i n g k i n d deserves c o n s i d e r -
a t i o n f o r these new c r o p p i n g schemes.
(a) V a r i e t i e s which would respond t o
sowings i n t h e m i d d l e o f September i n
t h e n o r t h e r n b e l t . These w i l l have
to combine a day n e u t r a l c o n d i t i o n
w i t h e a r l y f l o w e r i n g s o t h a t t h e crop
can be h a r v e s t e d by end of December.
( b ) V a r i e t i e s which can be sown in
October, as at p r e s e n t , b u t show
e a r l y growth and day n e u t r a l i t y ,
combined w i t h e a r l y f l o w e r i n g s o t h a t
t h e y can be h a r v e s t e d in January.
( c ) V a r i e t i e s which can be sown in t h e
month o f January. They w i l l be se-
l e c t e d f o r a l o n g day response and
would b e expected t o vacate t h e f i e l d
b y the end o f A p r i l . U n l i k e the
f i r s t two groups, these v a r i e t i e s
w i l l b e developed f o r c o n d i t i o n s
where presowing i r r i g a t i o n i s a v a i l -
a b l e .
Breeding for Fertilizer Response
Nitrogen
Most p u l s e crops under I n d i a n c o n d i t i o n s
respond to a s t a r t e r dose of n i t r o g e n as 1t
takes t i m e f o r t h e nodules t o develop and
s t a r t f i x i n g atmospheric n i t r o g e n . The physio-
l o g i c a l a n a l y s i s o f Sinha, a s e x p l a i n e d
e a r l i e r , i n d i c a t e s t h a t n i t r o g e n a l s o becomes
a l i m i t i n g f a c t o r d u r i n g pod f o r m a t i o n , when
the nodules begin t o d i s i n t e g r a t e , f o l l o w i n g a 
d e c l i n e i n the p h o t o s y n t h e t i c a c t i v i t y o f t h e
p l a n t s . This would suggest t h a t i t should b e
p o s s i b l e t o breed v a r i e t i e s o f pigeonpea,
chickpea and cowpea which w i l l respond t o
l a r g e r doses of n i t r o g e n than t h e 20 kg per
h e c t a r e , which is g e n e r a l l y recommended as a 
basal dose. The wisdom of b r e e d i n g such
v a r i e t i e s , however, appears q u e s t i o n a b l e a t
t h e p r e s e n t t i m e . Grain legumes have a unique
c a p a c i t y to e x t r a c t n i t r o g e n from the atmo-
sphere and i t i s o b v i o u s l y d e s i r a b l e t o e x p l o i t
t h i s c a p a c i t y t o t h e f u l l e s t p o s s i b l e e x t e n t .
We have a l r e a d y seen t h a t t h e major l i m i t a t i o n
w i t h r e g a r d t o the y i e l d o f crops l i k e pigeon-
pea and chickpea i s not w i t h r e g a r d t o t h e
t o t a l p r o d u c t i o n o f d r y m a t t e r , but a n u n b a l -
anced d i s t r i b u t i o n o f t h i s d r y m a t t e r between
t h e pods and the v e g e t a t i v e p a r t s o f the p l a n t .
I t should b e p o s s i b l e t o develop v a r i e t i e s
which would make more e f f i c i e n t use o f the
f i x e d n i t r o g e n b y making a v a i l a b l e more o f i t
f o r the d e v e l o p i n g pods. The b r e e d i n g programs
i n crops l i k e pigeonpea and chickpea s h o u l d ,
t h e r e f o r e , be planned n o t so much f o r response
t o e x t e r n a l l y a p p l i e d n i t r o g e n but t o a more
u n i f o r m f i x a t i o n o f n i t r o g e n d u r i n g crop
growth.
Phosphorus
As regards phosphorus, t h e r e is over
whelming evidence t h a t most o f the g r a i n
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legumes show a good response t o P2O5 a p p l i c a -
t i o n . The response has been found to be
p a r t i c u l a r l y good i n crops l i k e pigeonpea. I t
s h o u l d , however, be emphasized t h a t most of
t h e e x i s t i n g v a r i e t i e s o f pulses i n I n d i a have
been s e l e c t e d f o r c o n d i t i o n s o f poor s o i l
f e r t i l i t y . Once we accept t h e p r i n c i p l e t h a t
t h e p u l s e crops s h o u l d r e c e i v e an improved
agronomic management 1n t h e same way as ce-
r e a l s , i t would b e p o s s i b l e t o s e l e c t v a r i -
e t i e s which show a g r e a t e r response to
phosphorus t h a n t h e e x i s t i n g v a r i e t i e s . I n
t h e p a s t , breeders have p r e f e r r e d t o make
t h e i r s e l e c t i o n under c o n d i t i o n s o f average
r a t h e r t h a n h i g h f e r t i l i t y . Breeding f o r
f e r t i l i z e r response, t h u s , has a d e f i n i t e
p l a c e i n p u l s e improvement programs a s f a r a s
n u t r i e n t s l i k e P 20 5 are concerned.
RECENT PROGRESS
Based on t h e concepts o u t l i n e d above, new
v a r i e t i e s o f pulses have been developed a t t h e
IARI and o t h e r c e n t e r s d u r i n g t h e l a s t e i g h t
y e a r s . None o f them shows t h e e f f i c i e n c y o f
t h e p l a n t types which a r e a v a i l a b l e i n wheat
and r i c e where a h a r v e s t Index of more than
40% has a l r e a d y been a c h i e v e d . The new v a r i -
e t i e s o f p u l s e s , however, show t h a t p r o g r e s s
i s p o s s i b l e i n t h i s d i r e c t i o n . The r a t e o f
t h i s progress should i n c r e a s e enormously a s
more and more g e n e t i c v a r i a b i l i t y i s i n j e c t e d
I n t o t h e b r e e d i n g programs. Most p u l s e breed-
e r s 1 n I n d i a c o n t i n u e t o work w i t h a l i m i t e d
number of g e n e t i c s t o c k s . This r e p r e s e n t s a 
f a r more s e r i o u s l i m i t a t i o n t o t h e progress o f
p u l s e improvement programs t h a n a n y t h i n g
i n h e r e n t i n t h e g e n e t i c p o t e n t i a l o f these
c r o p s .
New Varieties
The s t u d i e s have been p a r t i c u l a r l y
s u c c e s s f u l i n t h e case o f pigeonpea, green
gram, cowpea and l e n t i l . A number o f new
v a r i e t i e s o f pigeonpea have a l r e a d y been r e -
leased and a number of o t h e r s are 1n advanced
stages o f t e s t i n g (Jeswani 1970; J a i n 1974).
•The r e l e a s e d v a r i e t i e s i n c l u d e Pusa A g e t i ,
Sharda and Mukta whose seeds have been m u l t i -
p l i e d by t h e N a t i o n a l Seeds C o r p o r a t i o n . Some
o f th e s e v a r i e t i e s respond t o a p l a n t popula-
t i o n o f 100,000 p l a n t s per h e c t a r e a s a g a i n s t
45,000 o f t h e o l d e r t y p e s . The m a t u r i t y
d u r a t i o n o f t h e s e v a r i e t i e s has been reduced
t o f i v e t o s i x months which i s n e a r l y h a l f o f
t h a t o f many o f t h e o l d e r v a r i e t i e s . The new
v a r i e t i e s have g i v e n y i e l d o f n e a r l y 2 5
q u i n t a l s per h e c t a r e , which i s more than
double t h e y i e l d o f many o f t h e o l d e r v a r i -
e t i e s , when t h e per day p r o d u c t i v i t y o f t h e
two groups o f v a r i e t i e s i s compared.
A p a r t o f t h e Improvement i n t h e y i e l d s
o f these v a r i e t i e s has come f r o m t h e i r im-
proved h a r v e s t Index. They a r e r e l a t i v e l y
l e s s bushy and more compact w i t h a h a r v e s t
index o f n e a r l y 15%, w h i l e t h e c o r r e s p o n d i n g
f i g u r e f o r many o f t h e o l d e r v a r i e t i e s i s
n e a r l y 10%. I t i s c l e a r , however, t h a t t h e
h a r v e s t i n d e x o f t h e new pigeonpea v a r i e t i e s
i s s t i l l v e r y low compared t o t h a t o f t h e h i g h
y i e l d i n g v a r i e t i e s o f wheat and r i c e . Some o f
t h e v a r i e t i e s now b e i n g t e s t e d show a h i g h e r
h a r v e s t i n d e x o f n e a r l y 25%.
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DISCUSSION
I have r e s e r v a t i o n s on h a r v e s t i n d e x . I t h i n k more y i e l d s h o u l d be
t h e o b j e c t i v e .
W e a r e a l l I n t e r e s t e d i n y i e l d . T o g e t t h a t w e have t o use c r i t e r i a
l i k e h a r v e s t Index.
I n s m a l l g r a i n s I t has been p o s s i b l e t o make improvement t h r o u g h eye
s e l e c t i o n o n h a r v e s t i n d e x . G r a i n y i e l d per s e has c e r t a i n l i m i t a -
t i o n s because we always make r e s t r i c t e d s e l e c t i o n by s t r a t i f y i n g t h e
p o p u l a t i o n . T h e r e f o r e h a r v e s t index 1 s v e r y v a l u a b l e p a r t i c u l a r l y
when s i n g l e p l a n t s e l e c t i o n s a r e made. To f a c i l i t a t e a s s e s s i n g
h a r v e s t I n d e x , t h e p l a n t s s h o u l d b e grown under s t r e s s . T h i s i s a 
s t a n d a r d procedure i n Iowa.
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A.K. Auckland: I agree w i t h the p o i n t about p u t t i n g p l a n t s under s t r e s s f o r c a l c u l a -
t i n g h a r v e s t index.
W.V. Royes: I agree w i t h Dr. J a i n ' s o b s e r v a t i o n s . We need to change p l a n t d e s i g n
s u i t e d t o l o c a l c o n d i t i o n s .
S. Chandra: I t h i n k s e l e c t i o n pressures must be broad based.
J.C. Davies: We must n o t f o r g e t t h e peasant s i t u a t i o n . For example, farmers grow
i n d e t e r m i n a t e , l o n g d u r a t i o n pigeonpeas o b v i o u s l y because t h e I n s e c t
damage does not r e s u l t 1n t o t a l l o s s e s s i n c e t h e p l a n t keeps on
pr o d u c i n g f l o w e r s t o compensate f o r i n s e c t damage.
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PROBLEMS OF NUTRITIONAL QUALITY
OF PIGEONPEA AND CHICKPEA
AND PROSPECTS OF RESEARCH
J. H. Hulse1
INTRODUCTION
Because o f the e x t e n t o f the r e l e v a n t
p u b l i s h e d l i t e r a t u r e t h e p r i n c i p a l d i f f i c u l t y
i n p r e p a r i n g t h i s paper has been t o decide
what t o omit r a t h e r than what t o i n c l u d e .
Many worthy papers a r e m i s s i n g from t h e l i s t
o f r e f e r e n c e s because o f t h e l i m i t s o f space
and t i m e . However copies o f a l l those c i t e d
are a v a i l a b l e a t IDRC and can be made a v a i l -
a b l e t o anyone s e r i o u s l y i n t e r e s t e d .
Though t h e two food legumes under d i s c u s -
s i o n appear under a v a r i e t y of names, through-
o u t t h i s paper "Cicer a r i e t i n u m " w i l l b e
r e f e r r e d to as chickpea and ''Cajanus c a j a n " as
pigeonpea.
Since t h e volume o f p u b l i s h e d s c i e n t i f i c
l i t e r a t u r e which d e s c r i b e s chickpea appears
much l a r g e r than t h a t on pigeonpea, the sub-
sequent t e x t may appear somewhat unbalanced in
r e l a t i v e c o n t e n t .
ORIGINS AND EARLY
USE OF LEGUMES
Food legumes can be d e s c r i b e d as poten-
t i a l l y t h e most v a l u a b l e y e t probably t h e
l e a s t developed o f t h e n a t u r a l l y o c c u r r i n g
sources o f food p r o t e i n . The n u t r i t i o n a l
v a l u e of legumes was recognized by t h e a u t h o r
o f t h e book o f Daniel (Dan. I : 12) who w r o t e :
"Prove t h y s e r v a n t s I beseech thee t e n
days; and l e t them g i v e us p u l s e to eat
and water t o d r i n k then l e t our coun-
tenances be looked upon b e f o r e thee and
the countenances o f t h e c h i l d r e n t h a t
eat o f the p o r t i o n o f t h e King's meat...
At t h e end of 10 days t h e i r countenances
appeared f a i r e r and f a t t e r i n f l e s h
than a l l t h e c h i l d r e n which d i d eat t h e
p o r t i o n of t h e King's meat. Thus Melzar
took away t h e p o r t i o n o f t h e i r meat and
the wine t h a t t h e y should d r i n k and gave
them p u l s e . "
Chickpea appears t o have o r i g i n a t e d i n
the f e r t i l e c r e s c e n t o f t h e Mediterranean.
Though Arnon (1972) suggests the crop had i t s
e a r l i e s t o r i g i n s i n t h e Himalayas, r e c i p e s
i n c l u d i n g chickpea are to be found in De Re
C o q u i n a r i a one of t h e e a r l i e s t known cookbooks
which was w r i t t e n by t h e Roman gourmet A p i c i u s ,
in The Deipnosophists by Athenaeus and by
P I i n y t h e E l d e r i n h i s H i s t o r i a N a t u r a l i s .
Athenaeus d e s c r i b e s dishes c o n t a i n i n g b o i l e d
and r o a s t e d chickpeas and t h e use of the
t e n d e r and mature seeds in s e v e r a l d e s s e r t s .
P l i n y recommends chickpea as a d i u r e t i c , t o
s t i m u l a t e l a c t a t i o n and a l s o t o p r e v e n t s k i n
diseases.
While the r e s u l t s o f a r c h a e o l o g i c a l
e x c a v a t i o n s around t h e Mediterranean appear to
have f i r m l y e s t a b l i s h e d t h e o r i g i n o f chickpea,
the b i r t h p l a c e o f t h e pigeonpea, s o c a l l e d
becauce i t i s s a i d t o b e a f a v o r i t e o f t h e
w i l d pigeon, appears l e s s c e r t a i n . I n 1908
Watts (The_ Commercial Products of I n d i a )
r e p o r t e d t h a t pigeonpea grew wild in China and
in the c o u n t r i e s of I n d o c h i n a . In 1904 De
Candole (The O r i g i n o f C u l t i v a t e d P l a n t s )
r e p o r t e d t h a t pigeonpea was to be found in
A f r i c a from Zanzibar t o t h e coast o f Guinea
1 I n t e r n a t i o n a l Development Rerearch Center, Ottawa, Canada
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and at abou t t h e same t i m e p igeonpea was s a i d
to be g r o w i n g w i l d i n t h e r e g i o n o f t h e Upper
N i l e .
From t h e e a r l i e s t t imes t h e food legumes
i n g e n e r a l and ch i ckpea i n p a r t i c u l a r have
been s t i g m a t i z e d as t h e food o f t h e poor and
even t o d a y i n L a t i n Amer ica i t i s d e s c r i p t i v e
o f a poor man to s t a t e t h a t he i s " c o u n t i n g
h i s g a r b a n z o s " .
PRESENT PRODUCTION AND
CONSUMPTION OF LEGUMES
One c o u l d w r i t e a ma jo r work on t h e
v a r i o u s ways i n wh ich c h i c k p e a and p igeonpea
a r e cooked and ea ten i n d i f f e r e n t p a r t s o f t h e
w o r l d . They may be ea ten raw as immature
g reen s e e d s , o r a s cooked o r m i l l e d d r i e d
p u l s e s . The seeds may be p a r c h e d , or r o a s t e d
o v e r open f i r e s , i n meta l pans o r on h o t sand .
In I n d i a p r o b a b l y more t han 75% o f t h e
c h i c k p e a s produced a r e m i l l e d t o p roduce d h a l .
I n s e v e r a l M i d d l e E as t e rn c o u n t r i e s m i l l e d
c h i c k p e a s a r e mixed w i t h wheat and o t h e r
c e r e a l f l o u r s t o make a v a r i e t y o f f e rmen ted
b r e a d s and sweet b r e a d s , i n a d d i t i o n t o b e i n g
combined w i t h meat , v e g e t a b l e s a n d / o r s p i c e s
in many v e r y d e l i c i o u s d i s h e s .
The t o t a l w o r l d p r o d u c t i o n o f t h e m a j o r
legumes i s g i v e n i n Tab le 1 . I f w e e x c l u d e
soybeans and g r o u n d n u t s , ch i ckpea f a l l s t h i r d
and p igeonpea f i f t h i n o r d e r o f p r o d u c t i o n .
T a b l e 2 p r e s e n t s p r o d u c t i o n da ta f o r 1972 by
m a j o r r e g i o n s and i t can be seen t h a t A s i a and
t h e Far East p r o v i d e r o u g h l y 90% o f b o t h t h e
w o r l d ' s ch i ckpea and p igeonpea p r o d u c t i o n .
M a u r i t a n i a ( 2 4 g / p e r s o n / d a y ) i s t h e l a r g e s t
per c a p i t a p roduce r o f ch i ckpea w i t h Togo and
I n d i a ( 2 0 g / p e r s o n / d a y ) i n second p l a c e . The
Domin ican Repub l i c ( 1 5 g / p e r s o n / d a y ) i s t h e
l a r g e s t and I n d i a ( 8 g / p e r s o n / d a y ) t h e second
l a r g e s t per c a p i t a p roduce r o f p i geonpea .
I n te rms o f t o t a l p r o d u c t i o n , I n d i a i s
t h e l a r g e s t p roduce r o f b o t h p igeonpea and
c h i c k p e a . A c c o r d i n g t o Swaminathan and J a i n
( 1 9 7 2 ) , ch i ckpea r e p r e s e n t e d 51.0% and
pigeonpea 11.2% o f I n d i a ' s t o t a l p u l s e p ro du c -
t i o n o f a p p r o x i m a t e l y 11 .7 m i l l i o n t ons i n
1969-70 .
T a b l e 3 p r e s e n t s t h e pe rcen tage change in
( a ) p o p u l a t i o n , ( b ) t o t a l f ood p r o d u c t i o n
( c ) f o o d per c a p i t a and ( d ) c h i c k p e a p r o d u c -
t i o n f o r t h e w o r l d a s a who le and f o r t h e
p r i n c i p a l d e v e l o p i n g r e g i o n s o f t h e w o r l d .
Table 1. World Production of Major Legumes, 1972
Soybeans
Groundnuts
Phaseolus V u l g .
P isum. S a t .
Chickpea












Wor ld T o t a l 106480
Sou rce : UN PAG B u l l e t i n 3 ( 2 ) 1973
Table 2. Chickpea and Pigeonpea Production, 1972
Developed
C o u n t r i e s
L a t i n
Amer ica
Near East
A s i a and
Far East
A f r i c a


















 Phaseo lus v u l g a r i s ; V i c i a f aba
s a t i v u m ; C i c e r a r i e t i n u m ; Cajanus
Vigna s p p .
A l l Ma jo r









c a j a n ;
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Table 3. Percent Change in Population and Legume
Production, 1952-1972
Developed
C o u n t r i e s
L a t i n
Amer ica
Near Eas t
A s i a and
Far East
A f r i c a
A l l LDCs
Wor ld
Popula-



































Source : FAO S t a t i s t i c s o f P r o d u c t i o n and
P o p u l a t i o n 1972
In t h e w o r l d as a w h o l e , t h e p o p u l a t i o n
has i n c r e a s e d by r o u g h l y 40% w h i l e ch i ckpea
p r o d u c t i o n has increased by 38%. In L a t i n
Amer ica and t h e Near East ch i ckpea p r o d u c t i o n
has r i s e n f a s t e r t han t h e p o p u l a t i o n . I n As ia
legume p r o d u c t i o n i n g e n e r a l , and ch i ckpea
p r o d u c t i o n i n p a r t i c u l a r , have f a l l e n marked ly
beh ind t h e r a t e o f p o p u l a t i o n i n c r e a s e and a re
grown a t a n o t i c e a b l y l ower r a t e than t h e
pe rcen tage i n c r e a s e i n t o t a l f ood p r o d u c t i o n .
CEREAL - LEGUME
NUTRITIONAL PROTEIN RATIO
Cerea l p r o t e i n and legume p r o t e i n a re
n u t r i t i o n a l l y comp lemen ta ry ; t hose amino a c i d s
which a r e d e f i c i e n t i n t h e one b e i n g g e n e r a l l y
adequate in t h e o t h e r . As a b road g e n e r a l i z a -
t i o n , a d i e t i n wh i ch p r o t e i n d e r i v e d f r om
c e r e a l s and p r o t e i n d e r i v e d f rom food legumes
a r e 1n a p p r o x i m a t e l y a 70-30 r a t i o comes v e r y
c l o s e t o n u t r i t i o n a l adequacy.
A c c o r d i n g to FAO (1972) based on t o t a l
p r o d u c t i o n s t a t i s t i c s , o n l y 1 n L a t i n Amer ica
does t h e r a t i o o f c e r e a l p r o t e i n t o legume p r o -
t e i n approach a 7 0 : 3 0 r a t i o . I n A f r i c a and t h e
Near Eas t t h e r a t i o is 75 c e r e a l to 25 legume,
whereas in Sou theas t A s i a it is c l o s e r to a 
9 0 : 1 0 r a t i o . Wor ld c e r e a l p r o d u c t i o n i s i n -
c r e a s i n g a t a much f a s t e r r a t e t han w o r l d l e g -
ume p r o d u c t i o n , c o n s e q u e n t l y t h e need t o i n -
c rease legume p r o d u c t i o n on a w o r l d w i d e b a s i s
and i n p a r t i c u l a r i n South and Southeas t As ia
must be rega rded as a m a t t e r o f v i t a l u rgency .
PROTEIN CONTENT OF
CHICKPEA AND PIGEONPEA
In t h e FAO (1970) P u b l i c a t i o n "Amino Ac id
Con ten t o f Foods" t h e average p r o t e i n c o n t e n t
o f ch i ckpea (Nx6 .25 ) 1s quo ted as 20 .1 and o f
p igeonpea (Nx6 .25 ) as 20.9%.
Swaminathan and J a i n (1973) g i v e t h e
r e s u l t s f r o m 1 6 v a r i e t i e s o f c h i c k p e a grown a t
12 l o c a t i o n s and 11 v a r i e t i e s o f p igeonpea
grown a t 5 l o c a t i o n s . They s t a t e t h e range o f
p r o t e i n i n c h i c k p e a f r o m 12.4% t o 2 8 . 1 % w i t h a 
mean of 19.5% and 1n p igeonpea f r o m 18.5% to
26.3% w i t h a mean of 21.5%.
S ince many o f t h e p r o t e i n c o n t e n t s quo ted
in t h e l i t e r a t u r e a r e based on a w ide v a r i e t y
o f sources and v a r i o u s methods o f a n a l y s i s ,
t h e y a r e n o t a l l r e a d i l y compa rab le . Many may
prove t o b e o f l i t t l e p r a c t i c a l v a l u e t o t h e
p l a n t b r e e d e r , s i n c e i n c o m p a r a t i v e l y few
i n s t a n c e s a r e t h e i d e n t i t y and o r i g i n o f t h e
samples a n a l y z e d c l e a r l y d e f i n e d .
Variation in Protein Content
I n T h e Pu lse Crops o f I n d i a , A r g i k a r
r e p o r t s p r o t e i n c o n t e n t s (Nx6.25 on a m o i s -
t u r e f r e e b a s i s ) f r o m 17 .5 t o 2 7 . 9 , t h e
r e s u l t s b e i n g f r o m d i f f e r e n t s t r a i n s grown a t
d i f f e r e n t l o c a l i t i e s . A l s o i n t h e same
p u b l i c a t i o n t h e a u t h o r quo tes a n a l y t i c a l
r e s u l t s f r om a range o f e i g h t d i f f e r e n t
s t r a i n s o f c h i c k p e a ( T a b l e 4 ) .
Soil Influence on Protein Content
I n t h e same p u b l i c a t i o n i t i s sugges ted
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Table 4. Analyses of Whole and Dehusked Chickpea
E t h e r E x t r a c t (%)
Nx6.25%
S o l u b l e c a r b o h y d r a t e % 
Crude f i b e r % 
A s h % 
Whole
3 . 9 - 6 . 2
2 0 . 8 - 2 5 . 9
60-63
8 . 0 - 8 . 7
3 . 0 - 3 . 3
Dehusked
4 . 6 - 6 . 9
25 .3 -28 .9
63-65
1 . 0 - 1 . 5
2 . 5 - 2 . 9
S o u r c e : G.P. A r g i k a r Pu lse Crops o f I n d i a
ICAR 1970
t h a t s o i l c o n d i t i o n s may i n f l u e n c e p r o t e i n
c o n t e n t o f ch i ckpea wh i ch ranged f r om 17 .5% t o
2 7 . 9 % , t h e h i g h e s t tended t o b e t h o s e s t r a i n s
grown o n a l l u v i a l s o i l s . P r o t e i n c o n t e n t s
o f t h o s e grown o n b l a c k c o t t o n s o i l s were
17 .5%, 17 .9%, 19.7%, 20 .0%, 22.0% and 26.3%.
Those grown on a l l u v i a l s o i l s were 22 .7%,
26 .3%, 27.7% and 27.9%. However, s i n c e in
t h i s case t h e s t r a i n s were a l l d i f f e r e n t 1 t i s
n o t p o s s i b l e t o i s o l a t e e n v i r o n m e n t a l f r om
g e n e t i c i n f l u e n c e s .
Variation in Protein
in Chickpea Strains
A - I n d i a : ( d ) Gadag S 2 - I n d i a . The low p r o t e i n
v a r i e t i e s (Nx6 .25 =18.4%) were ( a ) Tehran 29
and ( b ) Ahmedabad S I .
D r . Hugh Dogge t t k i n d l y s u p p l i e d us w i t h
t h e r e s u l t s o f p r o t e i n n i t r o g e n ana l yses * 
c a r r i e d o u t a t ICRISAT b y (a ) M i c r o k j e l d a h l
and ( b ) t h e Udy dye b i n d i n g method on 29
samples o f c h i c k p e a , 8 5 samples o f p igeonpea
and 14 dehusked samples of p l geonpea . The
r e s u l t s a r e g i v e n i n T a b l e 5 .
Table 5. Analyses of Chickpea and Pigeonpea by
Microkjeldahl and UDY (ICRISAT Results)
Chickpea
Udy
M i c r o k j e l d a h l
Plgeonpea
Udy
M i c r o k j e l d a h l
Pigeonpea
w i t h seed
c o a t removed
Udy




2 1 . 4 4
2 1 . 0 4
24 .87
25 .25
V a r i a n c e
0 .79






2 2 . 5 8 - 2 6 . 5 6
2 1 . 5 - 2 5 . 1 3
1 9 . 2 6 - 2 3 . 1 7
1 8 . 1 - 2 3 . 3 1
2 3 . 6 4 - 2 6 . 2 4
2 3 . 5 2 - 2 7 . 5 8
La l e t a l . (1963) ana l yzed 47 pure s t r a i n s
o f c h i c k p e a , 24 o f wh i ch were d e s c r i b e d as
Common and 23 K a b u l i . Common s t r a i n s v a r i e d
1n p r o t e i n c o n t e n t f r o m a low o f 17.38%
( s t r a i n BR17 f rom B i h a r ) t o a h i gh o f 23.8%
( s t r a i n G2 f r o m Madhya P r a d e s h ) . The K a b u l i
s t r a i n s ranged f r om a low o f 19.65% ( s t r a i n
NP7 - I A R I ) to a h i g h o f 25 .41% ( s t r a i n Rabat
f r om t h e P u n j a b ) . The a u t h o r s b e l i e v e t h a t
Kabuli s t r a i n s a re g e n u i n e l y and s i g n i f i c a n t l y
h i g h e r 1 n p r o t e i n , e t h e r e x t r a c t and i r o n con-
t e n t . They c l a i m t h e Common s t r a i n s a r e
h i g h e r 1 n c rude f i b e r and c a l c i u m .
Chandra and A r o r a (1968) ana l yzed 40
v a r i e t i e s o f c h i c k p e a a l l o f wh i ch were grown
i n t h e P u n j a b . They i d e n t i f i e d f o u r h i g h
p r o t e i n v a r i e t i e s (Nx6 .25 = 2 9 . 8 % ) . The names
and sou rces o f o r i g i n o f t h e f o u r h i g h p r o t e i n
v a r i e t i e s w e r e : ( a ) A l g e r i a 3444 -A1ger1a ;
( b ) F r o n t i e r 8 A - P a k i s t a n ; ( c ) Gram Cross
In "New V i s t a s in . Pu l se P r o d u c t i o n " ( I A R I
1971) t h e y i e l d s and p r o t e i n c o n t e n t s o f " h i g h
y i e l d i n g " v a r i e t i e s o f c h i c k p e a and p igeonpea
a r e q u o t e d . The c h i c k p e a v a r i e t i e s range 1n
p r o t e i n c o n t e n t f r o m 22.4% t o 24 .7%, t h e y i e l d s
f r o m 917 t o 1053 k g / h a , and t h e p r o t e i n y i e l d s
f r o m 215 .5 t o 260 k g / h a . Pigeonpea ranges
w e r e : p r o t e i n 2 0 . 7 % - 2 1 . 1 % ; y i e l d 1250 t o 1682
k g / h a , p r o t e i n y i e l d 259 t o 340 h g / h a .
Zimmerman e t a l . (1967) f r a c t i o n a t e d , b y
hand s c a l p i n g , t h e c o t y l e d o n s o f random samples
O f c h i c k p e a i n t o a n i n n e r and o u t e r p o r t i o n
and a n a l y z e d f o r p r o t e i n , l y s i n e and me th ion ine
( T a b l e 6 ) .
The w e i g h t ( % ) r e p r e s e n t t h e p r o p o r t i o n s
o f t h e who le s e e d . The b a l a n c e o f 10.2% r e p r e -
s e n t s t h e combined w e i g h t o f h u l l s and embryo .
Many a u t h o r s have p u b l i s h e d t h e r e s u l t s
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Table 6. Protein, Lysine and Methionine Activity
and Antitryptic Activity of Chickpea
P e rc en t
Weight
Crude P r o t e i n
L y s i n e
M e t h i o n i n e
P a r t o f Co ty l edon










Table 6a. Composition of Various Fractions of Chick-
pea
P r o p o r t i o n
P r o t e i n
(Nx6.25)
E t h e r E x t r a c t
Ash




















































o f t h e i r ana l yses f o r e s s e n t i a l amino a c i d s i n
ch i ckpea and p igeonpea . A s e l e c t i o n o f t hese
r e s u l t s a r e p r e s e n t e d in Tab les 7 and 8.
Inconsistency in Data
on Protein Content
Hanumantha and Subramanian (1970) (See
Column A of Tab les 7 and 8) quo te t h e range
o f r e s u l t s f r om 1 5 d i f f e r e n t papers . They
a l s o quo te (Column G) r e s u l t s wh ich t hey
d e t e r m i n e d u s i n g paper ch romatography . L a t e r
in Column E and F r e s p e c t i v e l y a r e (E) t h e
range o f r e s u l t s f r om v a r i o u s sources r ev i ewed
by FAO and (F) t h e average of t he same FAO
d a t a . The v a r i a b i l i t y o f r e s u l t s among d i f f e r -
e n t a u t h o r s i s r e a d i l y a p p a r e n t . T o what e x -
t e n t t h e v a r i a t i o n r e f l e c t s genu ine d i f f e r e n c e s
among samples and to what e x t e n t i t i s a t t r i b -
u t a b l e t o i n c o n s i s t e n c i e s i n methodo logy and
e x p e r i m e n t a l e r r o r 1 s d i f f i c u l t t o say . I n
any e v e n t , very few o f t h e r e s u l t s quo ted w i l l
b e o f g r e a t h e l p t o p l a n t b reeders s i n c e
r a r e l y d o t h e a u t h o r s s t a t e p r e c i s e l y t h e
n a t u r e , b i o l o g i c a l h i s t o r y and source o f t h e
m a t e r i a l s a n a l y z e d . The columns l a b e l e d "WHO"
i n bo th Tab les quo te t h e Wor ld H e a l t h Organ iza-
t i o n ' s recommended r e f e r e n c e amino a c i d
p a t t e r n : what m i g h t l o o s e l y be d e s c r i b e d as
"an i d e a l p r o p o r t i o n o f e s s e n t i a l amino a c i d s " .
AMINO ACID SCORES
T a b l e 9 p r e s e n t s t h e a u t h o r ' s ( J . H . Hu lse
1974) c a l c u l a t e d amino a c i d scores f o r c h i c k -
pea and p igeonpea based upon (a ) t h e FAO
average va lues and (b ) Hanumantha Rao and
Subramanian 's a n a l y s e s .
The amino a c i d sco re i s t h e q u o t i e n t o f
t h e amount o f each amino a c i d r e p o r t e d l y
p r e s e n t d i v i d e d by t h e WHO r e f e r e n c e p a t t e r n
l e v e l f o r t h e same amino a c i d . The f i r s t and
second l i m i t i n g amino a c i d s a r e t hose w i t h t h e
l o w e s t and second l o w e s t s c o r e r e s p e c t i v e l y .
A c c o r d i n g to t h e FAO r e s u l t s , t h e s u l p h u r
amino a c i d s , m e t h i o n i n e p l u s c y s t i n e , a re f i r s t
l i m i t i n g i n bo th ch i ckpea and p igeonpea .
T r y p t o p h a n o r v a l i n e i s t h e second l i m i t i n g
i n t h e case o f ch i ckpea and t r y p t o p h a n second
l i m i t i n g in p igeonpea . From Hanumantha Rao
and Subramanian 's r e s u l t s , t r y p t o p h a n appears
c l e a r l y a s f i r s t l i m i t i n g and m e t h i o n i n e p l u s
c y s t i n e a s second l i m i t i n g i n bo th cases .
Braham e t a l , (1965) c l a i m t h a t i n a u t o c l a v e d
p igeonpea meal " m e t h i o n i n e and t r y p t o p h a n were
e q u a l l y d e f i c i e n t . "
METHIONINE ANALYSES
I n New V i s t a s i n Pu l se P r o d u c t i o n t h e
r e s u l t s o f m e t h i o n i n e ana l yses o n a l a r g e
number o f p u l s e c r o p samples a r e q u o t e d . The
d a t a f o r ch i ckpea and p igeonpea a r e g i v e n in
T a b l e 1 0 . U n f o r t u n a t e l y , t h e r e s u l t s a r e
quo ted as mg m e t h i o n i n e per gram of sample
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Table 7. Amino Acid Composition of Pigeonpea
I s o l e u c i n e
L e u c i n e
L y s i n e
M e t h i o n i n e
C y s t i n e
P h e n y l a l a n i n e
T y r o s i n e
T h r e o n i n e
T r y p t o p h a n











































































































(A) Hanuraantha and Subramanlan (1970) (15 p a p e r s )
(B) Rao S.V. e t a l . (1964)
(C) Bane r j ee (1960)
(D) Van E t t e n e t a l . (1967)
(E) FAO (1970) - Range
(F ) FAO (1970) - Average
(G) Hanumantha and Subramanlan (1970)
by paper ch romatography
(H) Royes W.V. (1972)
*WHO - Recommended " I d e a l " amino acid c o m p o s i t i o n ene rgy and p r o t e i n r e q u i r e m e n t s WHO (1973)
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Table 8. Amino Acid Composition of Chickpea
I s o l e u c i n e
Leuc ine
L y s i n e
M e t h i o n i n e
C y s t i n e
P h e n y l a l a n i n e
T y r o s i n e
Th reon ine
Tryp tophan

































































































(A) Hanumantha and Subramanian (1970) (15 papers )
(B) Rao S.V. e t a l . (1964)
(C) Baner jee (1960)
( 0 ) Van E t t e n e t a l . (1967)
(E) FAO (1970) - Range
(F ) FAO (1970) - Average
(G) Hanumantha and Subramanian (1970)
by paper ch romatography
*WHO - Recommended " i d e a l " amino a c i d c o m p o s i t i o n energy and p r o t e i n r e q u i r e m e n t s MHO (1973)
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Table 9. Amino Acid Scores
I s o l e u c i n e
L e u c i n e
L y s i n e
M e t h i o n i n e & 
C y s t i n e
P h e n y l a l a n i n e & 
T y r o s i n e
T h r e o n i n e
T ryp tophan
V a l i n e
Chickpea



































S o u r c e : ( a ) FAO Average (b ) Hanumantha and
Subramanian
(1970)











M e t h i o -








1 . 1 0 - 3 . 0 0
0 . 8 0 - 3 . 0 0
S o u r c e : New V i s t a s in Pu l se P r o d u c t i o n
lARI 1971
and hence canno t be compared w i t h t h e amino
a d d r e s u l t s p r e s e n t e d i n o t h e r t a b l e s .
To what e x t e n t t h e v a r i a t i o n in m e t h i o n i n e
i s I n f l u e n c e d by v a r i a b i l i t y i n p r o t e i n c o n -
t e n t i s n o t i n d i c a t e d . I n any e v e n t , t h e
range o f r e s u l t s sugges ts t h a t v a r i a b i l i t y
1n m e t h i o n i n e c o n t e n t may e x i s t in s i g n i -
f i c a n t degree and may be g e n e t i c a l l y I n f l u e n -
c e d .
Other Nutrients
The t o t a l l i p i d ( e t h e r e x t r a c t ) c o n t e n t
o f ch i ckpea appears 1 n gene ra l t o l i e between
3% and 6% and in p igeonpea between ]% and 2%. 
The f a t t y a c i d c o m p o s i t i o n o f bo th legume
l i p i d s i s n u t r i t i o n a l l y f a v o r a b l e w i t h more
t h a n 50% o f t h e l i p i d c o n s i s t i n g o f p o l y u n s a t -
u r a t e d f a t t y a c i d s .
The c a r b o h y d r a t e concen t wh ich c o n s i s t s
m a i n l y o f s t a r c h i s v a r i o u s l y r e p o r t e d between
50% and 65% in bo th legumes.
VITAMIN CONTENT
I n common w i t h most o t h e r l egumes , c h i c k -
pea and p igeonpea c o n t a i n o n l y modest amounts
o f v i t a m i n A , a p p r o x i m a t e l y 300 I n t e r n a t i o n a l
U n i t s per 100 g in c h i c k p e a and 150 IU in
p i g e o n p e a . Th iam ine c o n t e n t i n b o t h legumes
1s a p p r o x i m a t e l y 0 .5 mg/100g . Both c o n t a i n
c o m p a r a t i v e l y l i t t l e r i b o f l a v i n ( a p p r o x i m a t e l y
0 .15 mg/100g) b u t b o t h a r e f a i r sou rces o f
n i a c i n ( 1 . 5 t o 2 . 5 mg/ lOOg) . A l l t h r e e
v i t a m i n s a r e p r e s e n t i n r o u g h l y t h e amounts
found i n who le c e r e a l g r a i n s . Both ch i ckpea
and p igeonpea a r e c o m p a r a t i v e l y good sources
o f i r o n ( 6 - 9 mg/lOOg) and c o n t a i n f i v e t o t e n
t imes t h e c o n c e n t r a t i o n o f c a l c i u m found 1 n
t h e m a j o r c e r e a l s . ( D a n i e l and N o r r i s 1945 ;
Ayk royd and Doughty 1 9 6 4 ) .
Influence of Sprouting
on Essential Nutrients
S ince in a number of c o u n t r i e s c h i c k p e a
and p igeonpea a r e a l l o w e d t o g e r m i n a t e b e f o r e
b e i n g e a t e n , a number o f a u t h o r s have r e p o r t e d
on t h e i n f l u e n c e o f s p r o u t i n g on a number o f
e s s e n t i a l n u t r i e n t s [De and Barai ( 1 9 4 9 ) ,
Banner jee and Banne r j ee ( 1 9 5 0 ) , Cha t tapadhyay
and Banner jee ( 1 9 5 1 ) , D e and D a t t a ( 1 9 5 1 ) ,
Chat tapadhyay and Banne r j ee ( 1 9 5 2 ) , Be lavady
and Banner jee ( 1 9 5 3 ) , Cha t topadhyay and
Banne r j ee ( 1 9 5 3 ) , Banne r j ee e t a l . ( 1 9 5 4 ) ,
Banner jee e t a l . ( 1 9 5 5 ) , S ingh and Banne r j ee
( 1 9 5 5 ) ] , A s c o r b i c a c i d , n i a c i n , a v a i l a b l e I r o n ,
c h o l i n e , t o c o p h e r o l , p a n t o t h e n i c a c i d ,
b i o t i n , p y r i d o x i n e . I n o s i t o l and v i t a m i n K 
a l l r e p o r t e d l y I n c r e a s e i n b o t h c h i c k p e a and
p igeonpea d u r i n g g e r m i n a t i o n .
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Other Studies
Patwardhan (1962) s t a t e s t h a t t h e
B i o l o g i c a l Value (BV) (an e s t i m a t i o n o f the
p r o p o r t i o n o f absorbed n i t r o g e n t h a t i s
r e t a i n e d i n t h e body f o r maintenance and/or
growth) ranges in chickpea from 52% to 78%
and in pigeonpea from 47% to 74%; t h a t t h e
c o e f f i c i e n t o f d i g e s t i b i l i t y ranges from
76% to 92% 1n chickpea and 59% to 90% in
pigeonpea; t h a t t h e P r o t e i n E f f i c i e n c y R a t i o
(PER) ranges from 1.3 to 2.1 in chickpea
and from 1.3 to 1.6 in pigeonpea (Table 11).
Elsewhere Patwardhan (1961) quotes a PER of
1.1 f o r chickpea and 0.7 f o r pigeonpea.
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C o e f f i -
c i e n t o f
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P r o t e i n
E f f i -
c i e n c y
1 . 3 - 2 . 1






Source : Pa twardhan , V . N . Am. S . C l i n i c a l
N u t r i t i o n , V o l . I I ( J u l y - D e c 1962)
p.12 "Pu l ses and Beans in Human
N u t r i t i o n " .
Variation in Results of Studies
The v a r i a n c e c i t e d by Patwardhan (1962)
i s i l l u s t r a t e d i n o t h e r r e s u l t s from v a r i o u s
a u t h o r s . I t i s probable t h a t these v a r i a b l e
r e s u l t s r e f l e c t a combination o f (a) d i f f e r -
ences I n methodology, (b) i n t r i n s i c d i f f e r -
ences and, ( c ) d i f f e r e n c e s 1n methods of
p r o c e s s i n g t h e v a r i o u s samples r e p o r t e d on.
The c o m p a r a t i v e l y low values of the
v a r i o u s PERs quoted r e f l e c t t h e l a c k o f
balance i n t h e amino a c i d c o n t e n t o f these
legumes. A t t h e same t i m e , i n r a t f e e d i n g
s t u d i e s used t o e v a l u a t e n u t r i t i o n a l v a l u e ,
t h e r e s u l t s t e n d t o b e based upon i s o -




Some au t h o r s c l a i m t h a t cooking o r
a u t o c l a v i n g r a i s e s t h e n u t r i t i v e v a l u e o f
both chickpea and p1geonpea[Gaitonde and
Sohoniek ( 1 9 5 2 ) ; Hirwe and Magar ( 1 9 5 1 ) ] .
Graham e t a l . (1965) c l a i m t h a t a f t e r
a u t o c l a v i n g f o r 20 minutes t h e PER of c h i c k -
pea meal was i n c r e a s e d f r o m 0.46 to 1.52.
Kande (1967) s t a t e s t h a t normal cooking
does not a l t e r e i t h e r t h e d i g e s t i b i l i t y o r
the n u t r i t i v e v a l u e o f chickpea.
C h i t r e and V a l l u r y (1956b) compared t h e
plasma p r o t e i n l e v e l s o f r a t s f e d both raw and
a u t o c l a v e d chickpea and pigeonpea. There was
no s i g n i f i c a n t d i f f e r e n c e between raw and
a u t o c l a v e d chickpea b u t t h e p l a s m a p r o t e i n
l e v e l s were lower i n r a t s f e d a u t o c l a v e d than
r a t s f e d raw pigeonpeas. They concluded t h a t
chickpea was one of t h e most e f f i c i e n t
sources of p r o t e i n in m a i n t a i n i n g b l o o d pro-
t e i n plasma l e v e l s .
OTHER CHARACTERISTICS
Ochse (1931) c l a i m s t h a t raw seeds of
pigeonpea c o n t a i n a n u n i d e n t i f i e d n a r c o t i c
which i f eaten i n q u a n t i t y induces s l e e p -
i n e s s . Ochse concludes t h a t pigeonpea seeds
are a harmless s o p o r i f i c . No one e l s e to
the a u t h o r ' s knowledge has pursued t h i s sub-
j e c t .
Kuppuswamy e t a l . , (1958) r e p o r t f i n d -
i ngs i n C e n t r a l America which i n d i c a t e t h a t
chickpea when f e d as t h e s o l e source of
p r o t e i n t o e x p e r i m e n t a l animals produced t o x i c
symptoms a t t r i b u t a b l e t o " c i c e r i s m " . I t i s
claimed t h a t t h e " t o x i c i t y " c o u l d be .ame-
l i o r a t e d b y t h e a d d i t i o n o f m e t h i o n i n e o r
c h o l i n e . No t o x i n was however i d e n t i f i e d and
i n t e r e s t i n " c i c e r i s m " seems t o have d i e d
s i n c e 1951.
Three o t h e r u n d e s i r a b l e c h a r a c t e r i s t i c s
a s s o c i a t e d w i t h some food legumes a r e : a) t h e
presence o f substances which a g g l u t i n a t e red
blood c e l l s , b ) t r y p s i n i n h i b i t o r s and c ) a 
tendency t o induce f l a t u l e n c e . The f i r s t two
f a c t o r s have been s t u d i e d by L i e n e r (1973).
L i e n e r ' s r e s u l t s are g i v e n i n Tables 1 2 and
13. H a e m a g g l u t i n a t i n g a c t i v i t y appears to be
zero in chickpea and pigeonpea and, compared
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Table 12. Hemagglutinating and Antitryptlc Activ-
ities of Crude Extracts* of Raw Legumes
Legume
Phaseo lus v u l g a r i s
B l a c k Bean
K idney Bean
C i c e r a r i e t l n u m
Cajanus c a j a n
Phaseo lus aureus
H e m a g g l u t i -
n a t i n g







A n t i t r y p t l c
A c t i v i t y






*A 10% suspens ion o f t h e f i n e l y g round meal
I n 1 % Nacl c l a r i f i e d b y c e n t r i f u g a t i o n .
Table 13. Effect of Heat on Nutritive Value of Some
Legumes
Source o f P r o t e i n
Phaseo lus v u l g a r i s
B l a c k Bean
Kidney Bean
C i c e r a r i e t l n u m
Bengal Gram
Cajanus c a j a n
Red Gram
*100% m o r t a l i t y obse
( i n days) shown i n
Gain i n Weight
g / d a y
Raw*
- 1 . 9 4 ( 4 - 5 )





+ 1 . 4 8
+1 .16
+1 .74
rved d u r i n g p e r i o d
p a r e n t h e s e s .
w i t h b l a c k bean and kidney bean,the a n t i t r y p t l c
v a l u e in chickpea and pigeonpea appears to be
o f l i t t l e consequence.
I t i s perhaps w o r t h p o i n t i n g o u t t h a t
most o f t h e comparative work o n t r y p s i n
i n h i b i t o r s has been done w i t h bovine t r y p s i n .
I t i s w e l l known t h a t b o v i n e t r y p s i n i s
more s i g n i f i c a n t l y a f f e c t e d b y a n t i t r y p s i n s
t h a n is human t r y p s i n and s i n c e most o f t h e
t r y p s i n I n h i b i t o r s p r e s e n t I n legumes appear
t o b e c o m p a r a t i v e l y t h e r m o l a b i l e i t i s doubt-
f u l if t h e y are of any g r e a t importance in,
human d i e t s . C e r t a i n l y t h e y appear t o be o f




Though i n a d u l t s , f l a t u s p r o d u c t i o n i s
p r o b a b l y more o f s o c i a l t h a n c l i n i c a l impor-
t a n c e , severe f l a t u l e n c e can g i v e r i s e t o
a c u t e d i s c o m f o r t i n i n f a n t s . Narayana Rao
e t a l . (1973) produce evidence t o i n d i c a t e
t h a t t h e f o l l o w i n g legumes induce f l a t u s 1 n
t h e d e c r e a s i n g o r d e r i n d i c a t e d ; c h i c k p e a b e i n g
h i g h e s t and green gram l o w e s t : c h i c k p e a ;
b l a c k gram (Phaseolus mungo); pigeonpea; green
gram (Phaseolus r a d l a t u s ) . Though t h e substance
( s ) i n chickpea and o t h e r legumes which leads
t o f l a t u s has n o t been p o s i t i v e l y i d e n t i f i e d ,
i t does appear t h a t t h e e f f e c t 1 s reduced b y
c o o k i n g . S r i k a n t i a (1973) d e s c r i b e s exper-
iments 1 n which groups o f c h i l d r e n r e c e i v e d
50% o f t h e i r t o t a l p r o t e i n f r o m pigeonpea
w h i l e a n o t h e r group r e c e i v e d t h e same amount
f r o m m i l k . The growth o f t h e c h i l d r e n i n t h e
two groups was i d e n t i c a l s u g g e s t i n g t h a t t h e
legume p r o t e i n was a s a t i s f a c t o r y replacement
f o r m i l k .
The a u t h o r goes on to s t a t e "legumes
c o u l d b e used s a f e l y i n amounts t o p r o v i d e a s
much as 50%-60% o f t h e t o t a l p r o t e i n 1n t h e
d i e t ( o f c h i l d r e n ) . "
Phytic Levels
Hulse and L a i n g (1974) and U r i e and Hulse
(1952) have r e p o r t e d upon t h e importance of
p h y t i c a c i d in human n u t r i t i o n which depends
upon its p r o p e r t y of f o r m i n g i n s o l u b l e com-
pounds w i t h e s s e n t i a l m i n e r a l s such a s c a l c i u m ,
i r o n , magnesium and z i n c . P h y t i c phosphorus
appears t o b e p r e s e n t i n chickpea a t l e v e l s 1 n
excess o f 200 mg/100g. I t 1 s a l s o p r e s e n t 1 n
s i g n i f i c a n t l e v e l s i n pigeonpea. The l e v e l i n
c h i c k p e a approximates t h a t p r e s e n t i n whole
wheat. Since t h e c a l c i u m c o n t e n t o f chickpea
and pigeonpea i s s i g n i f i c a n t l y h i g h e r t h a n t h e
c a l c i u m in c e r e a l s t h e p h y t i c phosphorus may
n o t s e r i o u s l y i n t e r f e r e w i t h c a l c i u m absorp-
t i o n i n human d i e t s . The p h y t i n l e v e l s may,
however, b e s u f f i c i e n c y h i g h t o i n t e r f e r e w i t h
198
i r o n , magnesium and z i n c a b s o r p t i o n .
Polyphenols
Though t h e polyphenols ( o f t e n d e s c r i b e d
as " t a n n i n s " ) a r e known t o be w i d e l y d i s t r i b -
u t ed among t h e leguminoseae, l i t t l e appears t o
be known about t h e polyphenol c o n t e n t of
chickpea o r pigeonpea. I t seems h i g h l y
p r o b a b l e however t h a t , p a r t i c u l a r l y i n c h i c k -
pea possessing near b l a c k , p u r p l e , brown or
maroon seed coats and chickpeas w i t h brown
and orange t e s t a s , t h a t polyphenols are
p r e s e n t . The b i o c h e m i c a l mechanism whereby
polyphenols i n t e r f e r e w i t h p r o t e i n metabolism
in humans and animals has y e t to be determined
b u t t h e r e i s evidence t o suggest t h a t p o l y -
phenols can be c o r r e c t l y d e s c r i b e d as a n t i -
n u t r i e n t s . I t would b e w o r t h d i s c o v e r i n g
whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n
b i o l o g i c a l v a l u e between t h e dark and l i g h t
seed coated pigeonpea and chickpea v a r i e t i e s .
PROBLEMS OF
DATA REPORTING
Hulse and Laing (1974) have commented
upon the shortcomings in t h e manner in which
a n a l y t i c a l r e s u l t s r e l a t e d t o t h e c e r e a l
g r a i n s a r e r e p o r t e d i n t h e l i t e r a t u r e , and the
need f o r a u n i v e r s a l l y s t a n d a r d i z e d methodol-
ogy by which t h e b i o c h e m i c a l c o m p o s i t i o n and
the b i o l o g i c a l v a l u e o f t h e c e r e a l g r a i n s are
determined and r a t i o n a l l y p r e s e n t e d .
S i m i l a r c r i t i c i s m s m i g h t b e advanced
concerning t h e p u b l i s h e d a n a l y t i c a l and n u t r i -
t i o n a l data r e l e v a n t t o t h e food legumes. The
P r o t e i n C a l o r i c A d v i s o r y Group (PAG) of t h e
U n i t e d Nations System has r e c e n t l y p r e p a r e d ,
in PAG G u i d e l i n e 16, P r o t e i n Methods f o r Cereal
Breeders Related to Human N u t r i t i o n a l ^ R i q u i r e -
ments. While many of t h e recommendations in
t h i s p u b l i c a t i o n a r e a p p l i c a b l e t o legumes, 1 t
1s hoped in t h e not too d i s t a n t f u t u r e a sim-
i l a r PAG G u i d e l i n e w i l l be prepared f o r legume
bre e d e r s . Some o f the i n h e r e n t d i f f i c u l t i e s
and approaches t o the s u b j e c t are d i s c u s s e d i n
another PAG P u b l i c a t i o n ( 1 9 7 2 ) , The N u t r i -
t i o n a l Improvement o f Food Legumes by Breeding.
Sources of Error in Analysis
I t i s p o s s i b l e t h a t chemical a n a l y s i s i s
a l e s s p r e c i s e s c i e n c e t h a n p l a n t b r e e d i n g .
W i l l i a m s (1974) l i s t s 2 7 sources o f e r r o r 1 n
t h e K j e l d a h l t e s t i n g procedure f o r p r o t e i n
c o n t e n t and 1 8 sources o f e r r o r i n t h e Udy
dye b i n d i n g system o f p r o t e i n t e s t i n g . I t 1 s
w o r t h y o f note t h a t a s i g n i f i c a n t e r r o r can
r e s u l t from dye b i n d i n g analyses c a r r i e d o u t
on immature g r a i n s s i n c e t h e dye s t u f f s used
are r e a d i l y absorbed by c h l o r o p h y l l and thus
immature g r a i n s tend to g i v e an e x a g g e r a t e d l y
h i g h v a l u e f o r p r o t e i n c o n t e n t . I n a d d i t i o n ,
g r a i n s h i g h i n c e l l u l o s e may a l s o p r e s e n t
e x a g g e r a t e d l y h i g h p r o t e i n v a l u e s . One o f t h e
g r e a t e s t sources o f e r r o r i n amino a c i d a n a l -
y s i s r e s u l t s f r o m a l a c k o f c a r e and c a r e f u l
s t a n d a r d i z a t i o n o f t h e method o f h y d r o l y s i s .
D a n i e l s ( p r i v a t e communication 1974)
c a r r i e d o u t a n a l y s i s o f v a r i a t i o n o n t h e p r o -
t e i n c o n t e n t s o f v a r i o u s chickpea and pigeon-
pea samples analyzed by M i c r o k j e l d a h l and
Udy (dye b i n d i n g ) methods at ICRISAT. The
r e s u l t s are gi v e n i n Table 14. Though s i g n i f i -
c a n t , t h e c o e f f i c i e n t s o f c o r r e l a t i o n are
c o m p a r a t i v e l y low. T h i s , a t l e a s t i n p a r t ,
may be a t t r i b u t a b l e to t h e narrow range of
r e s u I t s over which t h e analyses were made.
Since Udy is i n t e n d e d as a c o m p a r a t i v e l y rough
s c r e e n i n g t e s t , i t would b e u s e f u l t o r e p e a t
the comparison over a much w i d e r p r o t e i n
range. I n any e v e n t , i t i s suggested t h a t i n
s e l e c t i n g f o r i n c r e a s e d p r o t e i n , d i f f e r e n c e s
o f l e s s than one f u l l p e r c e n t i n p e r c e n t pro-
t e i n (0.16%N) between t h e t e s t and t h e s t a n -
ard can b e d i s c a r d e d f o r a l l p r a c t i c a l pur-
poses.
S u g g e s t e d L a b o r a t o r y P r o c e d u r e
A s suggested i n PAG G u i d e l i n e 16, i t i s
urged t h a t a l l a n a l y t i c a l l a b o r a t o r i e s i n p l a n t
improvement r e s e a r c h c e n t e r s e s t a b l i s h c o l l a b -
o r a t i v e p r o t e i n and amino a c i d t e s t i n g pro-
grams w i t h o t h e r l a b o r a t o r i e s and r e t a i n
homogeneous r e f e r e n c e samples s t o r e d below
f r e e z i n g i n s e a l e d c o n t a i n e r s b y which t o
check equipment c a l i b r a t i o n s from t i m e to time.
PROTEIN EVALUATION
METHODS
The b i o l o g i c a l methods o f p r o t e i n
e v a l u a t i o n i n c l u d e those which depend upon
body w e i g h t g a i n and those which depend upon
n i t r o g e n r e t e n t i o n i n the t e s t a n i m a l s .
Most recommended t e s t methods a r e based upon
a n i s o n i t r o g e n o u s d i e t . I t i s r e a d i l y
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(Seed c o a t s
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Range ( P r o t e i n X) SD
2 1 . 5 - 2 5 . 1 3 (MK) 0 .88
2 2 . 5 8 - 2 6 . 5 6 (Udy) 0 .89
1 8 . 1 - 2 3 . 3 1 (MK) 1.006
1 9 . 2 6 - 2 3 . 1 7 (Udy) 0 .78
2 3 . 5 2 - 2 7 . 5 8 (MK) 1.23
2 3 . 6 4 - 2 6 . 2 4 (Udy) 0 .94




d e m o n s t r a b l e t h a t t h e r e s u l t s w i t h r a t s and
o t h e r a n i m a l s may be h i g h l y dependent upon t h e
p r o p o r t i o n o f p r o t e i n i n t h e t e s t d i e t . For
e x a m p l e , p r o t e i n s g e n e r a l l y c o n s i d e r e d
n u t r i t i o n a l l y i n f e r i o r such a s wheat g l u t e n ,
w i l l appear more s a t i s f a c t o r y a t low l e v e l s
o f i n t a k e t han a t h i g h l e v e l s o f i n t a k e when
compared w i t h a s t a n d a r d p r o t e i n such as
c a s e i n . The PAG G u i d e l i n e 16 t h e r e f o r e
recommends a s l o p e g rowth method in wh i ch a l l
p r o t e i n s a r e t e s t e d a t a minimum o f t h r e e
d i f f e r e n t l e v e l s a g a i n s t a s t a n d a r d , t h e r a t
b e i n g recommended a s t h e p r e f e r a b l e t e s t
a n i m a l . The R e l a t i v e P r o t e i n Va lue (RPV) i s
t h e n exp ressed a s :
Slope o f t h e t e s t p r o t e i n X 100
Slope o f the s t a n d a r d p r o t e i n
t o b reede rs l o o k i n g f o r " h i g h p r o t e i n " l i n e s
t h a t t h e y exp ress t h e i r r e s u l t s a s m g n i t r o -
gen /seed r a t h e r t h a n a s n i t r o g e n o r p r o t e i n
o n a t o t a l d r y w e i g h t b a s i s . I n t h e c e r e a l
g r a i n s , p r o t e i n c o n t e n t and c o m p o s i t i o n v a r y
among d i f f e r e n t f r a c t i o n s o f t h e seed and
p r o t e i n as p e r c e n t d r y m a t t e r 1s i n f l u e n c e d
b y seed w e i g h t , and t h e r e l a t i v e p r o p o r t i o n
o f t h e v a r i o u s seed f r a c t i o n s p r e s e n t . These
in t u r n a r e i n f l u e n c e d by env i r onmen t and
agronomic c o n d i t i o n s . S i m i l a r l y , t h e p r o t e i n
n i t r o g e n p r e s e n t i n t h e legumes i s n o t u n i -
f o r m l y d i s t r i b u t e d t h r o u g h o u t t h e seed
(Zimmerman e t a l . 1967) and t h e r e f o r e r e s u l t s
exp ressed as mg n i t r o g e n / s e e d is a g a i n recom-
mended when s e l e c t i n g f o r h i g h e r p r o t e i n
b r e e d i n g l i n e s .
Standardization
A b r i e f word o n t h e s t a n d a r d i z a t i o n o f
c o n v e n t i o n s b y wh ich r e s u l t s a r e r eco rded i s
perhaps i n o r d e r . I t i s recommended t h a t
" p r o t e i n " v a l u e s b e quo ted a s t o t a l n i t r o g e n
o n a d r y w e i g h t b a s i s . I f i t i s c o n s i d e r e d
d e s i r a b l e t o quo te t h e r e s u l t s a s " p r o t e i n "
these r e s u l t s shou ld a l s o be exp ressed on a 
d r y w e i g h t b a s i s and t h e c o n v e r s i o n f a c t o r
f r o m " n i t r o g e n " t o " p r o t e i n " c l e a r l y s t a t e d .
Data Reporting of Cereals
I n t h e case o f c e r e a l s i t i s recommended
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Data Reporting of Amino Acids
Amino a c i d s have a l s o been exp ressed in a 
v a r i e t y o f ways . I t i s recommended t h a t n o
m a t t e r what t h e method o f d e t e r m i n a t i o n t h e
r e s u l t s s h o u l d be exp ressed as mgAA/per gram
n i t r o g e n . M i n e r a l s and v i t a m i n s a r e b e s t
exp ressed as mg or g /100 g o f m a t e r i a l w i t h
t h e e x c e p t i o n o f v i t a m i n s A and 0 w h i c h a r e
c u s t o m a r i l y exp ressed i n I n t e r n a t i o n a l U n i t s .
Cooperation Between Disciplines
I t wou ld appear t h a t i f r e s o u r c e s a r e t o
be used w i t h g r e a t e s t e f f e c t a g r e a t dea l more
c o o p e r a t i o n between p l a n t b r e e d e r s on t h e one
hand and a n a l y t i c a l chemists and n u t r i t i o n a l
b i o c h e m i s t s o n t h e o t h e r hand i s e s s e n t i a l .
I t i s m y view t h a t t h e l a t t e r have served the
breeders very p o o r l y i n t h e i r a t tempts t o
develop p l a n t s o f s u p e r i o r n u t r i t i o n a l v a l u e s .
Perhaps an elementary course in botany would
prove v a l u a b l e f o r food chemists and b i o -
c h e m i s t s .
Duration of
Nitrogenase Activity
I n s e e k i n g genotypes capable o f synthe-
s i z i n g h i g h e r than average l e v e l s o f p r o t e i n
n i t r o g e n some a t t e n t i o n might be gi v e n t o t h e
d u r a t i o n o f n i t r o g e n a s e a c t i v i t y . Hardy e t a l .
(1968) and (1971) and LaRue and Kurz (1972)
have d e s c r i b e d a method f o r d e t e r m i n i n g the
d u r a t i o n o f n i t r o g e n a s e a c t i v i t y which depends
upon t h e a b i l i t y o f the n i t r o g e n a s e p r e s e n t
i n the legume r o o t nodule t o reduce a c e t y l e n e
t o e t h y l e n e . The r e s u l t s o f t h e workers a t
t h e P r a i r i e Regional L a b o r a t o r y i n Saskatoon
i n d i c a t e s i g n i f i c a n t v a r i a t i o n s among d i f -
f e r e n t Pisum sativum l i n e s i n t h e l e n g t h o f
t i m e d u r i n g which t h e n i t r o g e n a s e i s a c t i v e .
I t i s t h e i r b e l i e f t h a t those l i n e s o f l o n g e r
n i t r o g e n a s e a c t i v i t y possess a h i g h e r p o t e n t i a l
c a p a c i t y f o r s y n t h e s i z i n g seed p r o t e i n .
RECOMMENDATIONS FOR
PLANT BREEDERS
I n i t s p u b l i c a t i o n " N u t r i t i o n a l Improve-
ment of Food Legumes by Breeding" (1973) a PAG
Working Group recommends a long l i s t o f
c o n s i d e r a t i o n s t o which t h e p l a n t breeder
s h o u l d g i v e a t t e n t i o n .
Time w i l l n ot p e r m i t a d e t a i l e d commentary
upon t h e i n d i v i d u a l recommendations w i t h i n t h e
PAG document b u t s u f f i c e i t t o say t h a t , s i n c e
pigeonpea and chickpea appear to be compar-
a t i v e l y f r e e from major t o x i c f a c t o r s and
n u t r i t i o n a l i n h i b i t o r s , t h e p l a n t breeder's
p r i m a r y concern should b e t o i n c r e a s e t h e y i e l d
p o t e n t i a l o f these crops and t o e x p l o r e t h e
range o f g e n e t i c v a r i a b i l i t y r e l a t e d t o seed
n i t r o g e n c o n t e n t and perhaps amino a c i d
c o m p o s i t i o n . What is r e q u i r e d i s a s i g n i f i c a n t
i n c r e a s e in p r o t e i n p r o d u c t i o n per u n i t area
o f l a n d per u n i t o f t i m e .
As a secondary o b j e c t i v e , and when t i m e
and f a c i l i t i e s p e r m i t , it would be u s e f u l to
d e t e r m i n e whether t h e p r o p o r t i o n s o f s u l f u r
c o n t a i n i n g amino a c i d s and t r y p t o p h a n are
g e n e t i c a l l y c o n t r o l l e d . I f e i t h e r o f these
l i m i t i n g amino a c i d s is i n c r e a s e d it s h o u l d
not b e a t t h e expense o f l y s i n e . The c e r e a l
g r a i n s are f i r s t l i m i t i n g i n l y s i n e and s i n c e
c e r e a l s and legumes are in many d i e t s eaten
t o g e t h e r , t h e l y s i n e c o n t r i b u t i o n b y t h e
legume 1s of p r i m a r y importance. Where t h e
legumes a r e eaten w i t h maize t h e r e may be a 
good case f o r a t t e m p t i n g t o r a i s e t h e
t r y p t o p h a n c o n t e n t though t h i s may be more
r e a d i l y achieved b y g e n e t i c m a n i p u l a t i o n o f
t h e maize than of t h e legumes.
Where chickpeas and pigeonpea are t h e
p r i n c i p a l source o f p r o t e i n n i t r o g e n c a l o r i e s
i n t h e d i e t s o f people who s u b s i s t l a r g e l y o n
r o o t c r o p s , t h e s u l f u r amino a d d c o n t e n t i s
o f s i g n i f i c a n t importance s i n c e t h e cyanogenic
g l y c o s i d e s p r e s e n t i n cassava combine w i t h and
reduce t h e a b s o r p t i o n o f m e t h i o n i n e and o t h e r
s u l f u r amino a c i d s .
PROCESSING OF LEGUMES
I t i s m y o p i n i o n t h a t a g r e a t deal more
a t t e n t i o n could b e g i v e n t o the p r o c e s s i n g o f
legumes. As s t a t e d e a r l i e r , f o o d legumes t e n d
t o be regarded as poor man's meat b u t t h i s
image c o u l d be s i g n i f i c a n t l y changed by imag-
i n a t i v e t e c h n o l o g i c a l r e s e a r c h and development.
P a r t i c u l a r l y t o b e recommended a r e t e c h -
n o l o g i c a l systems which p e r m i t t h e p r o c e s s i n g
of c e r e a l s and legumes u s i n g t h e same e q u i p -
ment. Such t e c h n o l o g y has been developed in
Canada and i s now i n s t a l l e d i n a small r u r a l
m i l l i n N o r t h e r n N i g e r i a . I t c o n s i s t s o f
s i m p l e a b r a s i v e d e c o r t i c a t i o n u s i n g r o t a r y
carborundum d i s c s in a rubber case f o l l o w e d by
hammer m i l l s o r mosaic g r i n d e r s , s c r e e n i n g and
packaging f a c i l i t i e s . Technology o f t h i s k i n d
p e r m i t s i n e x p e n s i v e foods i n which t h e optimum
r a t i o o f c e r e a l and legume p r o t e i n i s combined
t o g e t h e r . Such foods a r e p a r t i c u l a r l y
advantageous f o r i n f a n t s and young c h i l d r e n ,
n u r s i n g mothers and o t h e r n u t r i t i o n a l l y v u l -
n e r a b l e groups.
The t e c h n i q u e s o f p r o t e i n c o n c e n t r a t i o n
i n c e r e a l s b y f i n e g r i n d i n g and a i r c l a s s i f i c a -
t i o n have been known f o r many y e a r s . The
p r i n c i p l e i s t h a t i n a f i n e l y ground f l o u r the
c a r b o h y d r a t e preponderates i n t h e h e a v i e r
p a r t i c l e s . Consequently, p r o t e i n f r a c t i o n -
a t i o n can t a k e p l a c e by a p p l y i n g a c e n t r i f u g a l
f o r c e t o t h e f i n e f l o u r p a r t i c l e s opposed b y
a c e n t r i p e t a l drag. The h e a v i e r p a r t i c l e s o f
h i g h e r e f f e c t i v e mass w i l l move i n one
d i r e c t i o n and t h e f i n e r p r o t e i n r i c h p a r t i c l e s
i n t h e o t h e r d i r e c t i o n .
I n t h e o r y a i r c l a s s i f i c a t i o n i s e a s i e r t o
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a c h i e v e w i t h legume f l o u r s t h a n w i t h c e r e a l
f l o u r s s i n c e legume f l o u r s c o n t a i n , i n g e n e r a l ,
s i g n i f i c a n t l y l a r g e r s t a r c h g r a n u l e s . That
t h i s t h e o r y i s sound has been demonstrated a t
t h e P r a i r i e Regional L a b o r a t o r i e s i n Canada
( p r i v a t e communication) where f i e l d pea f l o u r
(Pisum s a t i v u m ) has been thus c o n v e r t e d to
s i g n i f i c a n t l y h i g h e r p r o t e i n c o n t e n t s t h a n
occur n a t u r a l l y i n t h e c o t y l e d o n . While t h i s
t e c h n o l o g y is n o t as i n e x p e n s i v e as s i m p l e
m i l l i n g , i t i s s i m p l e r , l e s s e x p e n s i v e , and
l e s s hazardous i n t r o p i c a l c o u n t r i e s t o
o p e r a t e than t h e "wet" systems of p r o d u c i n g
p r o t e i n c o n c e n t r a t e s .
SUMMARY
I n summary, i t can b e s a i d t h a t t h e
chickpea p a r t i c u l a r l y and a l s o t h e pigeonpea,
r e p r e s e n t v a l u a b l e but c o n s i d e r a b l y under- • 
e x p l o i t e d sources o f e d i b l e p r o t e i n . G r e a t e r
a t t e n t i o n needs t o b e g i v e n t o t h e i r g e n e t i c
d i v e r s i t y t o determine t h e range o f v a r i a b i l -
i t y r e l a t e d t o t h e i r b i o c h e m i c a l c o m p o s i t i o n .
However, a s s t a t e d a t t h e o u t s e t , b r e e d i n g
f o r improved n u t r i t i o n a l q u a l i t y s h o u l d n o t
b e undertaken a t t h e expense o f a l l t h o s e
f a c t o r s which c o n t r i b u t e t o improved y i e l d .
F o o t n o t e : I n t h e i n t e r e s t s o f b r e v i t y o n l y a c o m p a r a t i v e l y few r e l e v a n t r e f e r e n c e s have been
c i t e d 1 n t h e t e x t . A n a d d i t i o n a l l o n g e r b i b l i o g r a p h y i s p r o v i d e d and c o p i e s o f a l l o f t h e







H.K. J a i n :
J.H. Hulse:
DISCUSSION
Could you g i v e t h e range o f m e t h i o n i n e c o n t e n t i n chickpea?
Not much i n f o r m a t i o n is a v a i l a b l e . Some data have been r e p o r t e d from
IARI which i s p r e s e n t e d i n Table 10.
Could m e t h i o n i n e be more i m p o r t a n t t h a n t r y p t o p h a n ? In Uganda where
sesame p r o d u c t i o n decreased as groundnut p r o d u c t i o n i n c r e a s e d , t h i s
was s a i d t o b e c o r r e l a t e d w i t h a n i n c r e a s e i n b e r i - b e r i d i s e a s e .
Sesame has a h i g h e r m e t h i o n i n e c o n t e n t than groundnut.
Probably t h i s r e l a t e s t o v i t a m i n d e f i c i e n c y b u t I need more I n f o r m a -
t i o n b e f o r e I can comment on t h i s o b s e r v a t i o n .
Are p o l y p h e n o l s l o c a t e d i n t h e whole seed o r p r i m a r i l y l o c a t e d i n t h e
seed c o a t ? Since t h e consumption i n I n d i a i s m a i n l y i n t h e f o r m o f
dhal in which t h e seed c o a t is removed, is it i m p o r t a n t to s t u d y t h e
e f f e c t o f p o l y p h e n o l s o n t h e n u t r i t i o n a l q u a l i t y o f legumes?
Polyphenols a r e w i d e l y d i s t r i b u t e d among t h e leguminosae and it is 
p r o b a b l e t h a t t h e y are i n h i g h e s t c o n c e n t r a t i o n i n t h e seed c o a t s .
However, I have n o t come across r e p o r t s of r e s e a r c h on p o l y p h e n o l s
in chickpea and pigeonpea. In L a t i n America it has been demonstrated
t h a t b l a c k seed coated v a r i e t i e s o f Phasconlus a r e i n f e r i o r i n
d i g e s t i b i l i t y t o t h e w h i t e seed coated v a r i e t i e s . Study s h o u l d b e
c a r r i e d o u t to a s c e r t a i n what if any p o l y p h e n o l s a r e p r e s e n t in t h e
seed c o a t o f chickpea and pigeonpea, p a r t i c u l a r l y t h o s e v a r i e t i e s
w i t h dark c o l o r e d seed c o a t s .
In my view p r o t e i n s h o u l d be screened as t h e amount per seed r a t h e r
t h a n as p e r c e n t of seed w e i g h t , s i n c e a h i g h e r p r o t e i n p e r c e n t is
o b t a i n e d i n s h r i v e l l e d seeds. A l s o t h e h e r i t a b i l i t y o f p r o t e i n per
seed in wheat is t h r e e t i m e s h i g h e r when it is scored as t h e a b s o l u t e
amount per seed t h a n t h a t o f p r o t e i n expressed o n p e r c e n t b a s i s .
I n t h e PAG g u i d e l i n e s t o c e r e a l breeders i t i s recommended i n
s e l e c t i n g f o r p r o t e i n i n h e r i t a b i l i t y t h a t b r e e d i n g l i n e s b e scored o n
t h e b a s i s of mg n i t r o g e n per seed. Even where n i t r o g e n as p e r c e n t of
d r y m a t t e r appears t o b e a u s e f u l parameter, t h e c o n d i t i o n o f t h e
seed, i . e . , plump o r s h r i v e l l e d , s h o u l d b e d e s c r i b e d .
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R. Jambunathan: In Table 6 of your paper you have g i v e n t h a t the seed c o a t in c h i c k -
pea c o n s t i t u t e s 14.5% o f t o t a l w e i g h t o f the seed. We have some
p r e l i m i n a r y evidence from our l a b o r a t o r y which i n d i c a t e s t h a t
pigeonpea seed c o a t accounts f o r 15% (average) o f t h e t o t a l w e i g h t .
Since w e l o s e t h e seed c o a t 1 n t h e p r e p a r a t i o n o f d h a l , t h i s
c o n s t i t u t e s a c o n s i d e r a b l e l o s s i n y i e l d . I would l i k e t o pose t h e
q u e s t i o n whether we c o u l d do something in t h e way of b r e e d i n g to
min i m i z e t h i s l o s s ?
J.H. Hulse: T h i s would appear to be a problem both f o r t h e breeder and the food
t e c h n o l o g i s t s . The t e c h n o l o g i s t s c o u l d develop more e f f i c i e n t
methods o f d e h u l l i n g t o ensure t h a t t h e l o s s e s d u r i n g m i l l i n g a r e
reduced t o minimum. IDRC is s u p p o r t i n g a p r o j e c t i n N i g e r i a i n which
a s u c c e s s f u l method of d e h u l l i n g cowpeas has been developed.
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MEANS FOR ESTIMATING
PROTEIN QUALITY
The r o l e o f legumes i n t h e n u t r i t i o n o f
humans and o t h e r monogastric animals is l a r g e l y
t h a t o f s u p p l y i n g p r o t e i n . Thus g r a i n q u a l i t y
in legumes may be ragarded as m a i n l y a m a t t e r
o f p r o t e i n q u a l i t y and q u a n t i t y . A w i d e l y
used means o f e s t i m a t i n g p r o t e i n c o n t e n t i s
t h a t o f e s t i m a t i n g n i t r o g e n b y t h e K j e l d a h l
method and c a l c u l a t i n g t h e p r o t e i n as 6.25
times t h e n i t r o g e n . For e f f i c i e n c y 1 n t i m e ,
t e c h n i q u e , t o t a l a p p l i c a b i l i t y and c o s t , i t
has no e q u a l . However, t h e I n f o r m a t i o n it
g i v e s i s l i m i t e d and may o f t e n d e f y c o r r e c t
i n t e r p r e t a t i o n .
The inadequacies o f t h i s method l e d t o
t h e d e t e r m i n a t i o n o f d i g e s t i b i l i t i e s and
p r o t e i n e f f i c i e n c y r a t i o s and the f o r m a t i o n o f
t h e concept o f a v a i l a b l e n i t r o g e n o r t h a t
p o r t i o n o f t h e n i t r o g e n t h a t becomes t i s s u e
p r o t e i n . Numerous s p e c i e s o f e x p e r i m e n t a l
animals and methods o f e s t i m a t i n g t h e n i t r o g e n
a v a i l a b l e have been used. In g e n e r a l , t i m e ,
c o s t , and t e c h n i q u e c o m p l e x i t y v a r y d i r e c t l y
w i t h t h e amount and q u a l i t y o f t h e i n f o r m a t i o n
o b t a i n e d .
Amino Acid Profile
i n t h e t e c h n o l o g y o f q u a n t i t a t i v e amino a c i d
a n a l y s i s i n t h e l a s t t w e l v e y e a r s and b r e e d i n g
f o r improved amino acid p r o f i l e is now f e a -
s i b l e . There a r e , however, a number of con-
s t r a i n t s t h a t must b e c o n s i d e r e d .
BREEDING FOR
AMINO ACID CONTENT
The d e m o n s t r a t i o n t h a t s i n g l e gene s u b s t i -
t u t i o n can r e s u l t i n marked i n c r e a s e s 1 n t h e
c o n t e n t o f l i m i t i n g amino a c i d s r a i s e s t h e
q u e s t i o n o f t h e e x t e n t o f o u r a b i l i t y t o manip-
u l a t e t h e amino a c i d c o n t e n t o f food crops
( M e r t z , Bates, and Nelson 1964; Munck 1972;
Nelson, M e r t z , and Bates 1965). I t has been
c o n v i n c i n g l y argued by Nelson (1973) t h a t
marked changes i n t h e o v e r - a l l amino a c i d com-
p o s i t i o n of a seed a r i s e f r o m a s h i f t 1n t h e
p r o p o r t i o n o f t h e n o r m a l l y s y n t h e s i z e d p r o t e i n s
w i t h o u t changes i n t h e p r i m a r y amino a d d
sequences o f these p r o t e i n s . Such s h i f t s can
be g e n e t i c a l l y m a n i p u l a t e d in seeds where
l a r g e q u a n t i t i e s o f s t o r a g e p r o t e i n a r e syn-
t h e s i z e d . Amino a c i d c o m p o s i t i o n may a l s o be
a l t e r e d b y changing t h e r e l a t i v e p r o p o r t i o n o f
t i s s u e which c o n t a i n p r o t e i n p o p u l a t i o n s t h a t
are s i g n i f i c a n t l y d i f f e r e n t 1 n t h e i r amino
a c i d c o m p o s i t i o n .
The p i c t u r e t h a t has emerged i s t h a t
whereas c e r e a l s t e n d t o have p r o t e i n i n which
l y s i n e i s t h e l i m i t i n g amino a d d , legume
p r o t e i n i s s h o r t o f t h e s u l p h u r b e a r i n g amino
a d d s . S t u d i e s o n t h e s u p p l e m e n t a t i o n o f
legume p r o t e i n w i t h t h e l i m i t i n g amino a d d s
have shown t h a t p r o t e i n a v a i l a b i l i t y and thus
e f f e c t i v e p r o t e i n q u a n t i t y can b e c o n s i d e r a b l y
improved b y improvement i n t h e amino a d d
p r o f i l e . There have been c o n s i d e r a b l e advances
PROBLEMS
C o n s i d e r a t i o n o f t h e c o n s t r a i n t s which
e x i s t w i t h i n t h e system has l e d u s t o formu-
l a t e a p l a n f o r p r a c t i c a l problem s o l v i n g .
For legumes t h e f i r s t problem i s a n a l y t i c a l .
The r e l e v a n t amino a c i d s a r e n e a r l y always
m e t h i o n i n e and c y s t i n e . They are b o t h p r e s e n t
a t low c o n c e n t r a t i o n and a r e b o t h prone t o
1 M i n i s t r y o f A g r i c u l t u r e , K i n g s t o n , Jamaica, West I n d i e s
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We env i sage t h a t when we have o b t a i n e d
s u i t a b l e s o l u t i o n s t o t h e s e p r e l i m i n a r y
prob lems i t may be p o s s i b l e to I n t e r p r e t t h e
a n a l y s e s w h i c h a r e c u r r e n t l y 1 n p r o g r e s s o n
t h e range o f m a t e r i a l a v a i l a b l e t o u s f o r
Ca janus . The r e s u l t o f t h i s s u r v e y may t h e n
b e used i n c o n j u n c t i o n w i t h t h e h e r i t a b i l i t y
e s t i m a t e s t o p r o j e c t f e a s i b i l i t i e s f o r
b r e e d i n g p rog rams .
OTHER CONSIDERATIONS
The o v e r - a l l a im is t h e p r o d u c t i o n o f a 
d i e t t h a t s u p p l i e s s u f f i c i e n t q u a n t i t i e s o f
a l l t h e e s s e n t i a l amino a c i d s a t minimum c o s t .
The method c o n s i d e r e d h e r e 1s one of many
p o s s i b l e s o l u t i o n s t h a t may b e t r i e d . I t has
t h e a im common t o a l l b r e e d i n g r e s e a r c h o f
r e q u i r i n g , 1n t h e o r y a s i n g l e r e s e a r c h i n p u t
and a s i n g l e change , 1n t h e o r y , 1n f a r m
p r a c t i c e : namely a new v a r i e t y , and no 1 n -
c reased c o s t s f o r e x t r a m a t e r i a l .
I t i s i n t e r e s t i n g t o no te t h a t t h e o r -
d i n a r y p e o p l e o f t h e C a r i b b e a n , very few o f
whom a r e i n d i g e n o u s , have found a n o t h e r
s o l u t i o n . T o t h e i r d i e t s o f r o o t c r o p s ,
c e r e a l s , legumes and s c a r c e ind igenous an ima l
p r o t e i n t h e y have added an ima l p r o t e i n i m p o r t s .
These a r e t h e p o r t i o n s o f t h e c a r c a s s w h i c h
a r e l e a s t sough t a f t e r , and t h u s c h e a p , because
t h e y c o n t a i n a h i g h p r o p o r t i o n o f s t r u c t u r a l
a s opposed t o musc le p r o t e i n .
I t i s p o s s i b l e t h a t c o m p e t i t i o n f o r
s c a r c e r e s o u r c e s may p r e v e n t t h e m o u n t i n g o f
b r e e d i n g programs aimed a t p r o c u r i n g h i g h e r
c o n c e n t r a t i o n s o f amino a c i d s s o c h e a p l y
a v a i l a b l e i n a n a c c e p t a b l e a l t e r n a t i v e f o r m
i n t h e C a r i b b e a n .





Cou ld you e l a b o r a t e o n t h e r e s u l t o b t a i n e d b y t h e n i t r o g e n and s u l -
phur a p p l i c a t i o n o n t h e amino a c i d c o m p o s i t i o n o f t h e g r a i n ?
Us ing Code I (CH 1 1 , 3 3 , 34) w h i c h has been i nb red f o r t e n g e n e r a -
t i o n s , t h e r e was n o s i g n i f i c a n t i nc rease i n t h e v a r i a t i o n o f amino
a d d p r o f i l e between f o u r t r e a t m e n t s w h i c h were t h e a p p l i c a t i o n o f
one k i l o g r a m o f ammonium s u l p h a t e , sod ium s u l p h a t e , u rea and no
f e r t i l i z e r pe r p l a n t .
Have you s t u d i e d t h e a p p l i c a t i o n o f z i n c s u l p h a t e a s t h i s was f o u n d
to be u s e f u l in peas?
No, w e have n o t s t u d i e d i t s e f f e c t .
o x i d a t i o n d u r i n g h y d r o l y s i s . S o l u t i o n s e x i s t
b u t t h e y t a k e t h e i r t o l l i n t i m e , c o s t , sample
s i z e and number. We a r e a c t i v e l y s e e k i n g t h e
most e f f i c i e n t s o l u t i o n f o r ou r s i t u a t i o n .
The second l i m i t i n g amino a d d , namely
t r y p t o p h a n , 1 s d e s t r o y e d b y a d d h y d r o l y s i s
and r e q u i r e s s e p a r a t e a n a l y s i s c a u s i n g an
added b u r d e n .
The second p rob lem i s t h a t o f t h e n a t u r e
and e x t e n t o f e n v i r o n m e n t a l v a r i a t i o n . Luxu ry
consumpt ion o f n i t r o g e n and o t h e r i n o r g a n i c
n u t r i e n t s i n p l a n t s 1 s w e l l - k n o w n . The e f f e c t
o n t h e amino a d d p r o f i l e s o f t h e p r o t e i n
appears t o have escaped a t t e n t i o n so f a r . Our
u n s u c c e s s f u l a t t e m p t s t o grow C i c e r a r i e t i n u m
c o n f i r m e d p r e v i o u s r e p o r t s o f i t s u n s u l t a b l T l t y
f o r t h e C a r i b b e a n . F l o w e r i n g has j u s t been
r e c o r d e d at 1,200 mete rs in Jama ica . Our
ex tended expe r imen t s on Cajanus have c o n f i r m e d
o u r p r e v i o u s c o n c l u s i o n s t h a t g ross v a r i a t i o n
1n n i t r o g e n and s u l p h u r n u t r i t i o n does n o t
g i v e a s i g n i f i c a n t i n c r e a s e i n t h e v a r i a t i o n
obse rved 1 n amino a d d p r o f i l e s o f a h i g h l y
inb red l i n e , CH 1 1 , 3 3 , 34 wh ich i s t h e same
as Code I or UQ50.
Our work o n t h e e s t i m a t i o n o f h e r i t a -
b i l i t i e s f o r t h e amount o f v a r i o u s amino a d d s
in t h e seed p r o t e i n o f Cajanus i s as y e t
i n c o m p l e t e . So f a r we have found t h a t some
amino a d d s have h i g h , abou t 0 . 7 , and some
have n e g l i g i b l e , 0 .01 h e r i t a b i l i t i e s . We
v iew t h i s work as a p r e r e q u i s i t e f o r t h e
c o n s i d e r a t i o n o f g e n e t i c s e l e c t i o n f o r amino
a d d c o n t e n t .
A f u r t h e r p rob lem is t h e n a t u r e and
e x t e n t o f t h e v a r i a t i o n i n amino a d d p r o f i l e s
1 n t h e v a r i o u s s o l u b i l i t y f r a c t i o n s o f t h e
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INTRODUCTION AMINO ACID AVAILABILITY
I t i s a well-known f a c t t h a t I n d i a n d i e t
i s p r i m a r i l y v e g e t a r i a n w i t h heavy dependence
o n c e r e a l s and p u l s e s . W i t h i n c r e a s e i n p r i c e
o f animal p r o d u c t s ( m i l k , meat, e g g s ) , t h e r e
1 s r a p i d s h i f t from n o n v e g e t a r i a n i s m t o
v e g e t a r i a n i s m . The p r o t e i n r e q u i r e m e n t o f t h e
I n d i a n p o p u l a t i o n , I n c l u d i n g v u l n e r a b l e
segments, has to be met i n v a r i a b l y t h r o u g h
legumes. Very f o r t u n a t e l y , t h e c e r e a l which
in one or o t h e r f o r m is t h e main d i s h and t h e
pulse which i s u s u a l l y found i n t h e accom-
panying d i s h o f t h e common I n d i a n d i e t contains
p r o t e i n s which complement each o t h e r i n t h e i r
amino a c i d p a t t e r n . Though t h e q u a l i t y o f t h e
p r o t e i n depends m a i n l y on the e s s e n t i a l amino
a c i d c o m p o s i t i o n , t h e a c t u a l u t i l i z a t i o n i n
t h e l i v i n g organism depends o n t h e a v a i l a b i l -
i t y of amino a c i d s . Since legumes a r e used in
t h e d i e t p r i m a r i l y f o r t h e i r p r o t e i n c o n t e n t ,
1 t 1 s e s s e n t i a l t o examine t h e f a c t o r s
a f f e c t i n g t h e p r o t e i n q u a l i t y which a r e a s
f o l l o w s :
( 1 ) Amino a c i d c o n t e n t and t h e i r a v a i l -
a b i l i t y
( 2 ) Amino a d d imbalances
( 3 ) I n t e r f e r e n c e o f a n t i n u t r i t i o n a l
f a c t o r s u s u a l l y found in legumes
( 4 ) The accompanying c o n s t i t u e n t s o f
p r o t e i n in t h e seed which may
i n t e r f e r e in t h e d i g e s t i o n and
a b s o r p t i o n
The a v a i l a b i l i t y o f amino a d d s , which i s
o t h e r w i s e c a l l e d d i g e s t i b i l i t y o f p r o t e i n s ,
i s r e p o r t e d t o b e v e r y low i n v e g e t a b l e p r o -
t e i n s compared t o animal p r o t e i n s . I t has
been suggested low d i g e s t i b i l i t y o f c e r e a l and
legume p r o t e i n s is due to crude f i b e r concen-
t r a t i o n . However, t h e c o n t r i b u t i o n o f crude
f i b e r t o t h e low d i g e s t i b i l i t y o f legume p r o -
t e i n i s d o u b t f u l s i n c e most o f these c o n t a i n
crude f i b e r below 8%. Another o p i n i o n express-
e d b y s e v e r a l w r i t e r s ( B r e s s a n i e t a l . 1963;
Patwardhan 1962; NAS-NRC 1963) i s t h a t t h e low
d i g e s t i b i l i t y i s due t o l a c k o f complete
h y d r o l y s i s o f p r o t e i n . However, t h e knowledge
a v a i l a b l e f o r t h e cause o f low d i g e s t i b i l i t y
and amino a d d a v a i l a b i l i t y o f legume p r o t e i n s
is s c a n t y . Two reasons r e c o g n i z e d are ( 1 ) t h e
f a c t o r i n h e r e n t in t h e n a t u r e of seed and seed
p r o t e i n , and ( 2 ) t h e u n a v o i d a b l e decreases
r e s u l t i n g f r o m p r o c e s s i n g . Less w e l l explained
are t h e reasons f o r d i f f e r e n c e i n t h e a v a i l -
a b i l i t y o f amino a c i d s o f n a t i v e v e g e t a b l e
p r o t e i n s . A g r e a t v a r i a t i o n was r e p o r t e d i n
t h e d i g e s t i b i l i t y o f p u l s e s . Table 1 shows
t h e values f o r pigeonpea and t h e chickpea.
Solubility as a Factor
in Digestibility
I t has been suggested t h a t t h e low s o l u -
1 C o l l e g e o f Home Science, A.P. A g r i c u l t u r a l U n i v e r s i t y , Hyderabad, I n d i a
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b i l i t y o f c e r e a l p r o t e i n reduces t h e i r suscep-
t i b i l i t y t o enzymatic a t t a c k a c c o u n t i n g f o r
t h e low d i g e s t i b i l i t y o f some p r o t e i n s .
B r e s s a n i and E l i a s (1968) i n t h e i r r e v i e w o n
v e g e t a b l e p r o t e i n suggested the p o s s i b i l i t y o f
a c e r t a i n i n s o l u b l e f r a c t i o n i n p l a n t p r o t e i n
which may be r e s i s t a n t to t h e enzymes in t h e
d i g e s t i v e t r a c t . The p r o b a b i l i t y o f a n
i m p o r t a n t r o l e o f c e l l s t r u c t u r e and l o c a t i o n
o f t h e p r o t e i n i n t h e seed i n d e t e r m i n i n g t h e
d i g e s t i b i l i t y and amino a c i d p a t t e r n o f seed
p r o t e i n s i s a l s o s t r e s s e d b y t h e above authors.
However, s t u d i e s conducted i n t h e n u t r i t i o n
department o f Home Science C o l l e g e on th e p r o -
t e i n f r a c t i o n o f pigeonpea and chickpea ( T a b l e
2 ) i n d i c a t e s t h a t about 97% t o 98% o f p r o t e i n s
a r e i n s o l u b l e f r a c t i o n compared t o 20%-25%
s o l u b l e p r o t e i n f r a c t i o n found i n c e r e a l s . I f
poor d i g e s t i b i l i t y o f c e r e a l p r o t e i n s can b e
a t t r i b u t e d t o t h e l a r g e f r a c t i o n o f i n s o l u b l e
p r o t e i n s , t h e p u l s e p r o t e i n should r a t e h i g h e r
t h a n c e r e a l p r o t e i n i n d i g e s t i b i l i t y s i n c e
t h e y have a r e l a t i v e l y h i g h p r o p o r t i o n o f
s o l u b l e p r o t e i n f r a c t i o n .
Cereal-Pulse Digestibility
T h i s p r e d i c t i o n seems t o b e f a r from t h e
t r u t h s i n c e d i g e s t i b i l i t y o f pulses o r legumes
i s r e p o r t e d t o b e n o t b e t t e r than c e r e a l , i n
f a c t even poorer t h a n c e r e a l p r o t e i n . Much
work has been done on c e r e a l p r o t e i n f r a c t i o n s ,
t h e i r amino a c i d c o m p o s i t i o n and t h e i n f l u e n c e
o f g e n e t i c e n g i n e e r i n g o n t h e a l t e r a t i o n o f
t h e s e f r a c t i o n s . However, our knowledge about
s p e c i f i c c h a r a c t e r s o f p u l s e p r o t e i n s and
t h e i r r e a c t i o n s w i t h t h e accompanying c o n s t i t -
uents i n t h e seed, which are e s s e n t i a l i n
u n d e r s t a n d i n g t h e d i f f e r e n c e i n d i g e s t i b i l i t y ,
1 s v e r y l i m i t e d .
Seed Location of Protein
A l t s c h u l e t a l . (1961) d i d p i o n e e r i n g
work on seed p r o t e i n s and r e p o r t e d t h e need
f o r d e r i v i n g the c l a s s i f i c a t i o n o f seed p r o -
t e i n f a c t o r s based o n t h e i r l o c a t i o n i n
t h e seed and f u n c t i o n r a t h e r t h a n s o l u b i l i t y .
The major p o r t i o n o f seed p r o t e i n w i l l be
u s u a l l y l o c a t e d i n t h e a l e u r o l a . The r e c e n t
e l e c t r o n microscope s t u d i e s , however,revealed
t h e presence o f o s m o p h i l l i c b o d i e s , which a r e
c a l l e d p r o t e i n b o d i e s , i n parenchyma c e l l s o f
groundnut c o t y l e d o n s . Table 3 shows t h e
s u b c e l l u l a r f r a c t i o n s o f groundnut c o t y l e d o n s .
There i s now evidence t h a t t h e s e
o s m o p h i l l i c bodies are p r o t e i n a c i o u s and a 
s i g n i f i c a n t p o r t i o n o f p r o t e i n o f a seed i s
p r e s e n t i n these b o d i e s amounting t o about
50%-75% o f t o t a l a v a i l a b l e p r o t e i n s . One o f
t h e e x p e c t a t i o n s i s t h a t t h e d i f f e r e n c e
between t h e seed of h i g h and low p r o t e i n con-
t e n t may b e due t o t h e p o p u l a t i o n o f p r o t e i n
bodies and t h e r e l a t i v e p r o p o r t i o n o f t h e s e
bodies per c e l l . Some s t u d i e s on p r o t e i n s o f
p a r t i c u l a t e s , w i t h emphasis o n s e p a r a t i o n o f
v a r i o u s t y p e s and i n t h e p r o p e r t i e s o f t h e
f r a c t i o n s , w i l l t h r o w more l i g h t on t h e
un d e r s t a n d i n g o f seed p r o t e i n s and t h e f a c t o r s
r e s p o n s i b l e f o r d i f f e r e n c e s i n t h e n a t u r e and
q u a l i t y o f legumes and seed p r o t e i n s .
Other Factors in
Amino Acid Availability
The o t h e r f a c t o r which I n f l u e n c e s t h e
a v a i l a b i l i t y o f amino a c i d s f r o m legume p r o t e i n
i s t h e presence o f a n t i n u t r i t i o n a l f a c t o r s
w h i ch a r e u s u a l l y found i n most o f t h e legumes.
I t was shown i n many s t u d i e s ( B r e s s a n i and
E l i a s 1962; A l t s c h u l , e t a l . 1961) t h a t n o t
o n l y soybean b u t most of t h e o t h e r legumes
c o n t a i n some k i n d o f a n t i n u t r i t i o n a l f a c t o r s .
However, s i n c e these f a c t o r s a r e m o s t l y w a t e r
s o l u b l e o r heat l a b i l e , t h e y w i l l u s u a l l y b e
d e s t r o y e d i n t h e c o n v e n t i o n a l method o f
c o o k i n g p u l s e s .
INFLUENCE OF COOKING
Since most of these legumes a r e n o t
consumed in a n a t i v e s t a t e b u t a r e s u b j e c t e d
t o some degree o f h e a t t r e a t m e n t , i t i s
e s s e n t i a l t o c o n s i d e r t h e p r o c e s s i n g o r
c o o k i n g commonly used in o r d e r to d e t e r m i n e
t h e n u t r i t i v e v a l u e . A p p a r e n t l y e x c e s s i v e
heat reduces t h e n u t r i t i v e v a l u e o f t h e p r o -
t e i n due t o t h e d e s t r u c t i o n o f some e s s e n t i a l
amino a c i d s l i k e l y s i n e and s u l p h u r c o n t a i n i n g
amino a c i d s . The n u t r i t i v e v a l u e o f a p r o t e i n
may be a f f e c t e d by such f a c t o r s as tempera-
t u r e , d u r a t i o n o f h e a t i n g and m o i s t u r e i n a 
manner which v a r i e s a c c o r d i n g t o p r o t e i n ,
c a r b o h y d r a t e s and o t h e r components i n t h e
f o o d . Heat i s most damaging t o p l a n t p r o t e i n
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P r o t e i n e f f i c i e n c y
r a t i o
- V E * t o 1.7
1.3 t o 1.6
0 .7 t o 2 .0
1.3 t o 2 .1
Table 2. Percentage Distribution of Protein in Different Fractions of Local and Improved Strains of Pulses
(Conventional Method)
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Table 3. Yield and Composition of Sub-cellular Fractions of the Groundnut Cotyledon Obtained in Nonaqueous Media
Class o f p a r t i c l e
P r o t e i n b o d i e s
A l e u r o n e g r a i n s
S t a r c h g r a i n s
R e t i c u l u m
C e l l w a l l
V a s c u l a r t i s s u e
Fat f r e e c o t y l e d o n s
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1 0 . 4
10 .0
S o u r c e : D i e c k e r t e t a l . (1962)
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m o i s t u r e i n t h e p resence o f c a r b o h y d r a t e . I t
1 s e s s e n t i a l t o c o n s i d e r c o o k i n g o r p r o c e s s i n g
c o n d i t i o n s i n d e t e r m i n i n g amino a c i d a v a i l a b i l -
i t y .
A t p r e s e n t , a v a i l a b l e i n f o r m a t i o n i n d i -
c a t e s t h a t modera te hea t t r e a t m e n t improves
t h e n u t r i t i v e v a l u e o f most legumes b y
i n a c t i v a t i o n o f d e l e t e r i o u s h e a t l a b i l e com-
pounds . Some p r e l i m i n a r y work c a r r i e d o u t
1n t h e C o l l e g e o f Home Sc ience ( T a b l e 4)
i n d i c a t e s t h e e f f e c t o f d i f f e r e n t methods o f
c o o k i n g o n p r o t e i n q u a l i t y o f p i g e o n p e a ,
c h i c k p e a and g r o u n d n u t . I t can be a l s o
obse rved t h a t e x c e s s i v e hea t causes a dec rease
1 n t h e i r n u t r i t i v e v a l u e .
Table 4. Results of Biological Experiments
With Raw and Cooked Chickpea,
Pigeonpea and Groundnut
P a r t i c u l a r s
Raw c h i c k p e a
C h i c k p e a , baked
C h i c k p e a , d e e p - f r i e d
G r o u n d n u t , raw
Roas ted g roundnu t
F r i e d g r o u n d n u t
Raw p igeonpea
B o i l e d p igeonpea dha l
P igeonpea dha l ( p r e s -
s u r e cooked)
Roasted p igeonpea dhal
P.E.R.
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Average t o t a l
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37 .25
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The b e n e f i c i a l e f f e c t o f hea t t r e a t m e n t
on p i g e o n p e a , c h i c k p e a and g r o u n d n u t , as in
t h e case o f soybean and c o t t o n seed p r o t e i n s ,
can b e seen f r o m t h e d a t a i n Tab le 4 . I t 1 s
e v i d e n t t h a t a c o n t r o l l e d hea t t r e a t m e n t
improves n u t r i t i v e v a l u e s i g n i f i c a n t l y due t o
d e s t r u c t i o n o r i n a c t i v a t i o n o f t o x i c substances
wh ich a r e s e n s i t i v e t o h e a t . A t t h e same t i m e ,
t h e danger o f o v e r h e a t i n g r e s u l t i n g 1n a 
r a p i d dec rease i n t h e p r o t e i n q u a l i t y i s
o b s e r v e d . The c r i t i c a l r o l e o f p r o c e s s i n g o r
c o o k i n g i n i m p r o v i n g t h e q u a l i t y o f legume
p r o t e i n s and t h e danger o f damage f r o m o v e r -
d o i n g o r i n c o m p l e t e removal o f t o x i c compounds
i s one o f t h e i m p o r t a n t f a c t o r s t o b e c o n s i d -
e r e d i n c o n d u c t i n g b i o l o g i c a l e x p e r i m e n t s f o r
a s s e s s i n g t h e n u t r i t i v e v a l u e o f legume p r o -
t e i n s . B y o v e r l o o k i n g t h i s f a c t o r t h e r e i s a 
danger o f u n d e r e s t i m a t i n g t h e n u t r i t i v e v a l u e
o f legume p r o t e i n s i f conduc ted o n l y o n raw
f o o d s .
The p r i m a r y o b j e c t i v e o f d e v e l o p i n g t h e
q u a l i t y and q u a n t i t y o f p r o t e i n i n legumes 1 s
m a i n l y t o augment t h e p r o t e i n c o n t e n t o f t h e
human d i e t s where t h e s e a r e consumed o n l y
a f t e r c o o k i n g i n one f o r m o r o t h e r . I n t h e
case o f c e r e a l s , c o n s i d e r i n g t h e q u a l i t y a f t e r
c o o k i n g may n o t be e s s e n t i a l as t h e s i t u a t i o n
i s l e s s c o m p l i c a t e d and changes 1 n t h e a v a i l -
a b i l i t y o f t h e amino a c i d s a r e n o t t h a t
s i g n i f i c a n t .
DIETARY CONSIDERATIONS
N e i t h e r c e r e a l s n o r legumes a l o n e w i l l
b e s o l e c o n t r i b u t o r s o f p r o t e i n i n any mixed
d i e t . I t i s more i m p o r t a n t t o e v a l u a t e t h e
s u p p l e m e n t a r y v a l u e o f t h e s e legumes t o t h e
c e r e a l w h i c h i s u s u a l l y consumed i n t h e normal
d i e t a r y p a t t e r n . I n t h i s r e g a r d , t h e r e s u l t s
o f an e x p e r i m e n t on t h e s u p p l e m e n t a r y v a l u e
o f d i f f e r e n t legumes t o sorghum w h i c h i s i n
p r o g r e s s may be i n t e r e s t i n g . The e x p e r i m e n t
t e s t s w h e t h e r a l l legumes w i l l have t h e same
e f f e c t o r i f t h e r e i s any p a r t i c u l a r legume
wh i ch i s b e t t e r f o r s u p p l e m e n t i n g sorghum
based d i e t s . T h i s e x p e r i m e n t is in p r o g r e s s
in t h e N u t r i t i o n Depar tment o f Home Sc ience
C o l l e g e . The a v a i l a b l e d a t a a t t h e t i m e o f
symposium w i l l b e p r e s e n t e d .
CONSUMER PREFERENCE
Though i t i s v e r y g r a t i f y i n g to n o t e t h e
c o n c e r n o f a g r i c u l t u r i s t and n u t r i t i o n i s t i n
I m p r o v i n g t h e q u a l i t y o f legumes and o t h e r
a g r i c u l t u r a l p r o d u c t s , ma rke t v a l u e o f t h e s e
g r a i n s and legumes w i l l n o t be based upon t h e
p r o t e i n q u a l i t y o r q u a n t i t y . Some improved
v a r i e t i e s 1 n t h e p a s t have f a i l e d i n t h e
m a r k e t i n s p i t e o f t h e i r h i g h n u t r i t i v e v a l u e
a s t h e y c o u l d n o t meet o t h e r r e q u i r e m e n t s o f
t h e consumer .
Consumer p r e f e r e n c e f o r l egumes , espe -
c i a l l y f o r p igeonpea and c h i c k p e a , depends
upon s e v e r a l f a c t o r s o t h e r t h a n n u t r i t i o n a l
c o n s i d e r a t i o n s . The n u t r i t i o n a l c o n s i d e r a t i o n
f o r f o o d i s i n f l u e n c e d b y t h e l e v e l o f educa-
t i o n o f consumer , n u t r i t i o n a l awareness
r e g a r d i n g t h e p h y s i o l o g i c a l needs o f t h e body
and a l s o d i e t a r y know ledge . I n most o f t h e
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d e v e l o p i n g c o u n t r i e s where t h e major p o r t i o n
o f t h e consumers a r e i l l i t e r a t e and I g n o r a n t
about t h e n u t r i t i o n a l needs, p r e f e r e n c e f o r
p u l s e s 1s based on ( a ) s t o r a g e c a p a c i t y ,
( b ) y i e l d o f dhal a f t e r m i l l i n g from t h e whole
g r a i n , ( c ) c o o k i n g t i m e , ( d ) t e x t u r e and
c o n s i s t e n c y o f cooked p r o d u c t , ( e ) c o l o r ,
( f ) t a s t e and f l a v o r and ( g ) c o s t .
Yield
Legumes a r e used b o t h as whole seed and
i n t h e s p l i t f o r m a f t e r removing t h e seed
c o a t . T h i s s p l i t p u l s e i s p o p u l a r l y known as
dhal in I n d i a . Pigeonpea is r a r e l y used whole
in I n d i a whereas chickpea is used as whole
seed, dhal and a l s o as f l o u r . As a conse-
quence of food h a b i t s , much plgeonpea as w e l l
as chickpea are b e i n g m i l l e d in I n d i a . The
p r e f e r e n c e f o r t h e y i e l d c a p a c i t y becomes
I n e v i t a b l e f o r t h e consumer, producer and
r e t a i l e r . The y i e l d o f dhal m a i n l y depends
upon t h e percentage o f losses i n the process
o f m i l l i n g , which i n t u r n depends upon t h e
s i z e o f seed, t h i c k n e s s o f seed coat a s w e l l
a s t h e grade o f m i l l i n g . The b i g g e r seed w i t h
a t h i n n e r seed c o a t , and a lower m i l l i n g grade
w i l l y i e l d more d h a l . Not o n l y f o r h i g h e r
y i e l d but a l s o f o r e a s i e r c o o k i n g , a seed w i t h
t h i n n e r c o a t i s p r e f e r r e d b y t h e consumer.
I t i s a l s o p r e f e r r e d f o r i t s b e t t e r d i g e s t i b i l -
i t y due t o lower percentage o f crude f i b e r
compared to a seed w i t h t h i c k c o a t .
Storage Capacity
The p r o d u c e r , r e t a i l e r as w e l l as t h e
consumer p r e f e r a g r a i n w i t h b e t t e r s t o r a g e
c a p a c i t y . They know by e x p e r i e n c e which
g r a i n keeps f o r a l o n g e r t i m e ; when t h e y want
t o s t o r e f o r a l o n g p e r i o d t h e y g o f o r such
a q u a l i t y . The s t o r a g e c a p a c i t y of a g r a i n
is I n f l u e n c e d by t h e I n h e r e n t b i o l o g i c a l
q u a l i t i e s o f t h e g r a i n . I t i s f e l t t h a t a 
g r a i n w i t h t h i c k seed coat can b e s t o r e d f o r
a l o n g e r p e r i o d w i t h o u t b e i n g a t t a c k e d by
I n s e c t s t h a n seed w i t h a t h i n n e r seed c o a t .
I t i s , t h e r e f o r e , a c h a l l e n g e t o a g r i c u l t u r i s t s
t o develop a g r a i n w i t h b e t t e r keeping q u a l i t y
b u t w i t h a t h i n seed c o a t .
Cooking Time
Cooking t i m e is I m p o r t a n t in consumer
p r e f e r e n c e f o r d h a l s because o f t i m e and f u e l .
Legumes t a k e c o n s i d e r a b l y l o n g e r f o r cooking
t h a n any o t h e r v e g e t a b l e p r o d u c t s . T h i s is
e s p e c i a l l y t r u e w i t h whole p u l s e s . There a l s o
i s a d i f f e r e n c e i n c o o k i n g t i m e r e q u i r e d f o r
d i f f e r e n t legumes. Cooking t i m e depends t o
some e x t e n t upon t h e t h i c k n e s s of t h e seed
coat and i t s c o m p o s i t i o n . I n a d d i t i o n t o seed
c o a t , t h e c o m p o s i t i o n o f t h e seed i t s e l f has
some i n f l u e n c e on c o o k i n g t i m e . T h i s is
evidenced b y o b s e r v a t i o n s o n t h e d i f f e r e n t
cooking times r e q u i r e d f o r c o o k i n g d i f f e r e n t
d h a l s and legumes.
Relation of Water Absorption
to Cooking Time
Water a b s o r p t i o n and c o o k i n g t i m e r e q u i r e d
f o r some l o c a l and improved v a r i e t i e s o f
chickpea and pigeonpea in t h e experiment c a r -
r l e d o u t in t h e C o l l e g e o f Home Science are
presented in Table 5. Though t h e r e is no
d i f f e r e n c e i n t h e c o o k i n g t i m e o f l o c a l and
improved v a r i e t i e s , t h e d i f f e r e n c e between
chickpea and plgeonpea i s q u i t e e v i d e n t .
Those g r a i n s which absorb w a t e r q u i c k l y
w i l l t a k e l e s s t i m e f o r c o o k i n g . I n case o f
d h a l s , i t i s w a t e r a b s o r b i n g c a p a c i t y t h a t
makes t h e d i f f e r e n c e i n c o o k i n g t i m e . T h i s
c a p a c i t y of dhal may be dependent on c e l l w a l l
s t r u c t u r e , n a t u r e o f t h e c o n s t i t u e n t s 1 n t h e
seeds and t h e compactness of t h e c e l l s in t h e
seed, e t c . Soaking may reduce t h e c o o k i n g
t i m e . Unless t h e soaked w a t e r is used f o r
c o o k i n g , which i s g e n e r a l l y n o t t h e p r a c t i c e
1n most o f t h e f a m i l i e s , t h e r e w i l l be nu-
t r i e n t l o s s e s , e s p e c i a l l y m i n e r a l s and water
s o l u b l e v i t a m i n s . Cooking t i m e o u t r a t e s a l l
o t h e r p r e f e r e n c e s i n t h e case o f legumes. I t
would n o t b e rash t o s t a t e t h a t one o f t h e
drawbacks in p o p u l a r i z i n g t h e soybean is t h e
l o n g c o o k i n g t i m e it t a k e s .
Texture and Consistency
Consumer p r e f e r e n c e f o r any p a r t i c u l a r
f o o d is I n f l u e n c e d to a l a r g e e x t e n t by the
methods of cooking and t h e f o r m 1n which it is
consumed. For example, plgeonpea is used
m o s t l y a s dhal i n t h e f o r m o f a t h i c k gravy
(sambar) a l o n g w i t h r o t i s , c h a p a t i s o r r i c e .
A v a r i e t y which g i v e s a t h i c k and u n i f o r m
c o n s i s t e n c y a l o n g w i t h s h o r t c o o k i n g t i m e i s
p r e f e r r e d by any consumer. The reason l e n t i l s
cannot r e p l a c e plgeonpea i s t h a t t h e y
cannot g i v e such a t e x t u r e a f t e r b e i n g cooked.
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In t h e case of chickpea such a q u a l i t y does
n o t p l a y a n I m p o r t a n t r o l e a s i t i s used
m o s t l y whole o r a s f l o u r .
p r e f e r r e d by t h e consumer. This is a l s o one
o f t h e i m p o r t a n t f a c t o r s t o b e c o n s i d e r e d .
Color Cost
C o l o r plays a n I m p o r t a n t r o l e i n consumer
p r e f e r e n c e , e s p e c i a l l y at a h i g h e r income
l e v e l . As a consequence o f t h i s many d h a l s ,
e s p e c i a l l y pigeonpea, are s y n t h e t i c a l l y
c o l o r e d . T h i s c o n f i r m s t h e consumer p r e f e r -
ence i n c o l o r . A dhal w i t h deep c o l o r i s
much p r e f e r r e d over a d u l l c o l o r .
Taste and Flavor
These d h a l s have n a t u r a l f l a v o r s . Dhal
which g i v e s good f l a v o r a f t e r i t i s cooked i s
Whereas t h e c o l o r , t a s t e and f l a v o r p l a y
i m p o r t a n t r o l e s in consumer p r e f e r e n c e when
t h e consumer is in a p o s i t i o n to spend a 
l i t t l e more, c o s t p l a y s a very i m p o r t a n t r o l e
in t h e case of t h e consumer who can b a r e l y
a f f o r d t h a t commodity. The p r o d u c t i o n o f
legumes on a l a r g e s c a l e must be i n c r e a s e d to
make them a v a i l a b l e to the needy low income
group who c o n s t i t u t e the m a j o r i t y o f our
p o p u l a t i o n . When they are not i n p o s i t i o n t o
buy p u l s e s , t h e q u e s t i o n of p r e f e r e n c e does
not a r i s e . I f t h e y buy a t a l l , t h e y buy a 






A l l p l a n t b r e e d i n g programs i n the i n t e r n a t i o n a l c e n t e r s p l a c e a 
p r i m a r y emphasis o n y i e l d improvement. I f s t a r c h p r o d u c t i o n i s t h e
main o b j e c t i v e , one should grow cassava, n o t legumes. F o r e c a s t s of
p r o t e i n o r any o t h e r n u t r i t i o n a l r e q u i r e m e n t which a r e based o n
e s t i m a t e s o f f o o d consumption are t o b e t r e a t e d w i t h extreme c a u t i o n .
Averages based upon e s t i m a t e s of p r o d u c t i o n d i v i d e d by e s t i m a t e s of
p o p u l a t i o n a r e n o t o r i o u s l y i m p r e c i s e and l a r g e v a r i a t i o n s f r o m t h e
mean a r e t o be found w i t h i n p o p u l a t i o n s among f a m i l i e s and even
w i t h i n f a m i l i e s . I agree t h a t many unwise and ill Informed s t a t e -
ments may have been made co n c e r n i n g t h e p r o t e i n gap and some o f t h e
s o l u t i o n s proposed a r e u n r e a l i s t i c . T h i s , however, should n o t b e
taken as an e x e r c i s e to swing t h e pendulum to t h e o t h e r extreme and
t o s t a t e t h a t o n l y c a l o r i e s are i m p o r t a n t .
I agree w i t h Dr. Hulse. We should t r y to m a i n t a i n t h e p r e s e n t l e v e l
o f p r o t e i n and a t t h e same t i m e t r y t o improve t h e y i e l d .
The survey analyses d o n o t t a k e i n t o c o n s i d e r a t i o n t h e v a r i a b i l i t y
i n p r o t e i n consumption, d i g e s t i b i l i t y o f p r o t e i n , e t c .
I n maize, i n c r e a s e i n p r o t e i n c o n c e n t r a t i o n r e s u l t s p r i m a r i l y f r o m
a n i n c r e a s e i n the p r o l a m i n e f r a c t i o n . T h i s f r a c t i o n i s v e r y low
i n l y s i n e ; a l s o , i n c r e a s e i n p r o t e i n i s n e g a t i v e l y c o r r e l a t e d w i t h
y i e l d . I n t h e e a r l y days o f corn improvement l i t t l e e f f o r t was made
t o I n c r e a s e p r o t e i n c o n t e n t o r change c o m p o s i t i o n . I n t e r e s t i n t h e
improvement o f p r o t e i n q u a l i t y was s t i m u l a t e d w i t h the f i n d i n g t h a t
t h e s i n g l e r e c e s s i v e gene, opaque-2, in c o r n r e s u l t e d in a change in
c o n c e n t r a t i o n o f p r o t e i n f r a c t i o n s r e s u l t i n g i n h i g h e r l y s i n e
c o n c e n t r a t i o n . T h i s s i n g l e f a c t o r i n h e r i t a n c e i s u s e f u l t o breeders
i n b a c k c r o s s i n g e l i t e agronomic l i n e s t o t h e h i g h l y s i n e source.
A search f o r s i m p l e r e c e s s i v e genes f o r q u a l i t y Improvement i n
legumes may be w o r t h w h i l e . R e c e n t l y at Purdue, a h i g h l y s i n e l i n e
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H. Doggett:
I would l i k e t o pose t h e f o l l o w i n g q u e s t i o n s and i n v i t e comments f r o m
t h i s d i s t i n g u i s h e d audience. How much p r o t e i n s h o u l d we aim f o r in 
legumes? For example, i n A u s t r a l i a , t h e average p r o t e i n r e p o r t e d i s
26% w i t h 30% a s t h e h i g h e s t v a l u e w h i l e i n I n d i a t h e range o f p r o t e i n
c o n t e n t in chickpea we o b t a i n is r e p o r t e d to range between 18 - 24%.
I a l s o would l i k e t o know how much e f f o r t we shou l d p u t i n t o t h e
a n a l y s i s o f d e f i c i e n t amino a c i d s and a t t e m p t s t o improve t h i s
c o n t e n t i n p r o t e i n .
I s t a t e d e a r l i e r t h a t r e s e a r c h t o m o d i f y t h e amino a c i d c o n t e n t o f
legumes s h o u l d be g i v e n a secondary p r i o r i t y . Grow legumes as a 
p r o t e i n c r o p and c a l o r i e s can b e o b t a i n e d f r o m c e r e a l s . However,
t h e c e r e a l and legume balance s h o u l d ensure an adequate p r o t e i n
q u a l i t y . Express t h e r e s u l t a s p r o t e i n / a c r e / u n i t t i m e . A l t h o u g h
l e s s emphasis s h o u l d be p l a c e d on t h e s c r e e n i n g f o r s u l p h u r amino
a c i d s a n d t r y p t o p h a n , a l l p o s s i b i l i t i e s s h o u l d b e t r i e d d u t , such
a s whether t h e s e amino a c i d s a r e g e n e t i c a l l y c o n t r o l l e d o r n o t and
t h e i n f l u e n c e o f e n v i r o n m e n t o n t h e c o n t e n t o f t h e s e amino a c i d s .
Very l i t t l e i n f o r m a t i o n is a v a i l a b l e in t h i s r e g a r d and ICRISAT w i l l
need t o s t a r t f r o m s c r a t c h . A t some p o i n t ICRISAT sh o u l d e x p l o r e t h e
range o f g e n e t i c v a r i a b i l i t y i n legumes a s i t a f f e c t s p r o t e i n c o n t e n t
and amino a d d c o m p o s i t i o n s i n c e ICRISAT has t h e r e s p o n s i b i l i t y t o
s e r v e t h e whole w o r l d on c h i c k p e a and pigeonpea.
I f w e s t r e s s t h e r e s u l t o n p r o t e i n / a c r e o f l a n d , y i e l d t a k e s c a r e o f
i t s e l f .
I would l i k e t o add t h a t t h e r e s u l t s h o u l d b e expressed a s p r o t e i n /
acre/day.
Cooking q u a l i t y s h o u l d a l s o b e I n c l u d e d i n t h e program.
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Legumes c o n s t i t u t e a n a r t i c l e o f f ood a l l
o v e r t h e w o r l d , b u t t h e i r use i s p a r t i c u l a r l y
w i d e s p r e a d i n t h e t r o p i c s and t h e s u b t r o p i c s ,
c o n s t i t u t i n g a s t h e y d o i m p o r t a n t sou rces o f
p r o t e i n i n h a b i t u a l d i e t s . O f abou t e i g h t e e n
legumes e x t e n s i v e l y c u l t i v a t e d t o d a y , t h e two
most commonly used i n I n d i a a r e t h e ch i ckpea
( C i c e r a r i e t i n u m ) and t h e p igeonpea (Cajanus
c a j a n ) . The p r o d u c t i o n and p e r c a p i t a a v a i l -
a b i l i t y o f t h e s e two legumes i n I n d i a d u r i n g
t h e l a s t t h r e e y e a r s a r e i n d i c a t e d b e l o w :
There a r e , however , w i d e v a r i a t i o n s i n the
use o f t h e s e legumes f r o m one r e g i o n t o
a n o t h e r ; income l e v e l s and u rban and r u r a l
c o n d i t i o n s m o d i f y t h e c o n s u m p t i o n .
NUTRITIONAL QUALITY
There a r e c o n s i d e r a b l e d a t a i n t h e l i t -
e r a t u r e r e l a t i n g t o t h e chemica l c o m p o s i t i o n
and n u t r i t i v e v a l u e o f t h e c h i c k p e a and p i g e o n -
pea . The s i g n i f i c a n c e o f some r e c e n t d a t a
o b t a i n e d i n o u r c o u n t r y i s b r i e f l y d i s c u s s e d
h e r e .
A t t e m p t s t o improve t h e n u t r i t i o n a l
q u a l i t y o f t h e s e legumes have m a i n l y c e n t e r e d
around t h e i r p r o t e i n c o n t e n t and amino a c i d
makeup. Under I n d i a n c o n d i t i o n s , c h i c k p e a and
p igeonpea supp lement c e r e a l based d i e t s .
Limiting Amino Acids
S ince l y s i n e i s t h e l i m i t i n g amino a c i d
in most c e r e a l s , t h i s n u t r i e n t has come in f o r
s p e c i a l c o n s i d e r a t i o n . N o t w i t h s t a n d i n g t h e
f a c t t h a t c e r e a l s a r e low i n l y s i n e , examina-
t i o n o f t h e amino a c i d c o n t e n t and p r o f i l e o f
d i e t s o f t h e poor s e c t i o n s o f t h e p o p u l a t i o n
i n I n d i a shows t h a t t h e l i m i t i n g amino a c i d i n
t h e s e d i e t s i s n o t l y s i n e , b u t m e t h i o n i n e .
One needs t o t a k e a c l o s e l o o k a t t h e a l l
t o o common emphasis on t h e s o - c a l l e d l i m i t i n g
e s s e n t i a l amino a d d c o n c e p t o f a s i n g l e f o o d
b e f o r e a t t e m p t s a r e c o n c e n t r a t e d o n i n c r e a s i n g
t h e l y s i n e c o n t e n t o f c h i c k p e a and p l g e o n p e a .
One o f t h e m a j o r t h r u s t s i n t h e improvement o f
c e r e a l p r o t e i n q u a l i t y i s i n t h e a rea o f I n -
c r e a s i n g b o t h t h e p r o t e i n c o n t e n t o f t h e cerea l
and t h e l y s i n e c o n t e n t o f i t s p r o t e i n . There
wou ld perhaps be n o t t o o much to be g a i n e d by
Source: Agricultural Situation in India
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t r y i n g t o i n c r e a s e t h e l y s i n e c o n t e n t o f a l l
foods commonly used, p a r t i c u l a r l y i n s i t u a t i o n s
l i k e o u r own.
There a r e adequate data to show t h a t when
e x i s t i n g c e r e a l based d i e t s are consumed i n
amounts s u f f i c i e n t t o meet t h e c a l o r i e needs,
t h e p r o t e i n and amino a c i d s needs are a l s o met.
There a r e a l s o data which i n d i c a t e t h a t i n
s i t u a t i o n s w h e r e i n t h e c a l o r i e needs are n o t
met because o f inadequate food i n t a k e , t h e
mere improvement i n t h e q u a l i t y o f p r o t e i n
i n g e s t e d i s n o t a s s o c i a t e d w i t h s u b s t a n t i a l
b e n e f i t s . Both chickpea and pigeonpea have
r e l a t i v e l y low amounts o f m e t h i o n i n e and
a t t e m p t s t o improve t h e c o n t e n t o f t h i s amino
a c i d a r e w o r t h c o n s i d e r i n g .
Examination o f over 1300 v a r i e t i e s o f
c h i c k p e a i n I n d i a f o r t h e i r m e t h i o n i n e c o n t e n t
has shown a range of v a l u e s f r o m 1.0 mg to
3.5 mg/g o f t h e p u l s e . Since y i e l d p o t e n t i a l
must b e c o n s i d e r e d a c r u c i a l f a c t o r i n breed-
i n g , i t i s necessary t o s e l e c t f r o m among h i g h
y i e l d e r s v a r i e t i e s t h a t have t h e h i g h e s t
m e t h i o n i n e c o n c e n t r a t i o n s .
O f t e n t h e p r o t e i n q u a l i t y i s j u d g e d b y a 
l o o k a t i t s amino a c i d makeup. While t h i s is 
und o u b t e d l y a q u i c k method o f s c r e e n i n g f o r
b i o l o g i c a l v a l u e , i t i s necessary t o remember
t h a t o f t e n p r o t e i n q u a l i t y , a s measured b y
s t a n d a r d b i o l o g i c a l procedures l i k e g r o w t h ,
PER and NPU, is at v a r i a n c e w i t h t h a t expected
f r o m t h e amino a c i d makeup. I t becomes essen-
t i a l t h a t t h e most p r o m i s i n g v a r i e t i e s be
e v a l u a t e d b y b i o l o g i c a l t e s t i n g .
Variation in Protein
and Amino Acids
Another aspect which p l a n t breeders a r e
f u l l y aware o f is t h e wide v a r i a t i o n t h a t can
oc c u r in p r o t e i n c o n t e n t and sometimes in amino
a c i d makeup o f t h e same v a r i e t y grown in 
d i f f e r e n t l o c a t i o n s . The p r o t e i n c o n t e n t o f
s e v e r a l v a r i e t i e s o f c h i c k p e a grown i n d i f f e r -
e n t areas in I n d i a has shown a v a r i a t i o n of
sometimes o v e r 70%, i n d i c a t i n g t h e e x t e n t t o
w h i c h e n v i r o n m e n t a l and s c i l c o n d i t i o n s
I n f l u e n c e n u t r i e n t c o m p o s i t i o n .
Such an o b s e r v a t i o n has a l s o been made
w i t h r e s p e c t t o l y s i n e and m e t h i o n i n e c o n t e n t
o f pigeonpea. The mean l e v e l s o f l y s i n e i n
pigeonpea grown 1n New D e l h i have been found
to be about 15% h i g h e r and of m e t h i o n i n e 25%
h i g h e r t h a n pigeonpeas grown in Akola and
Rajendranagar. I t must b e p o i n t e d o u t ,
however, t h a t t h e v a r i e t i e s grown i n t h e t h r e e
areas were n o t a l l I d e n t i c a l . These d a t a ,
however, p o i n t o u t t h a t t h e f u l l e x p r e s s i o n
o f g e n e t i c p o t e n t i a l does n o t always o c c u r .
Other Nutrients
I n d i s c u s s i n g t h e n u t r i t i v e v a l u e o f
legumes f r o m t h e p o i n t o f view o f p r o t e i n , i t
s h o u l d n o t b e f o r g o t t e n t h a t t h e y p r o v i d e
s e v e r a l o t h e r e s s e n t i a l n u t r i e n t s — c a r b o h y -
d r a t e s , t r a c e elements and v i t a m i n s . I t 1 s
necessary t o ensure t h a t newer v a r i e t i e s o f
t h e s e p u l s e s bred f o r h i g h e r y i e l d s and b e t t e r
amino a c i d p r o f i l e s d o n o t s u f f e r a r e d u c t i o n
i n t h e c o n c e n t r a t i o n o f these e s s e n t i a l m i c r o -
n u t r i e n t s .
Trypsin Inhibitors
O f s p e c i a l i n t e r e s t f r om t h e p o i n t o f
view o f n u t r i t i v e v a l u e i s t h e r e p o r t e d
presence o f t r y p s i n i n h i b i t o r s i n t h e pigeon-
pea. Since pigeonpea is never eaten raw, b u t
is always s u b j e c t e d to some f o r m or o t h e r of
heat t r e a t m e n t which i n a c t i v a t e s such i n h i b -
i t o r s , I t s presence appears t o be o f l i t t l e
consequence. S p e c i a l e f f o r t s t o breed v a r i -
e t i e s w i t h low o r n o t r y p s i n I n h i b i t o r s ,
t h e r e f o r e , may n o t be c o n s i d e r e d as having a 
h i g h p r i o r i t y .
Flatus Formation
Of some co n c e r n , however, i s t h e f l a t u s
p r o d u c i n g p r o p e r t y o f b o t h chickpea and
pigeonpea. The i n c l u s i o n o f e i t h e r o f t h e s e
p u l s e s i n d i e t s i n amounts which p r o v i d e 20%-
25% o f c a l o r i e s can l e a d t o a f o u r t o t e n f o l d
r i s e in gas f o r m a t i o n . i n t h e I n t e s t i n e s . Many
pul s e s a r e known t o l e a d t o f l a t u l e n c e , b u t
t h e r e a r e wide v a r i a t i o n s i n t h e i r potency.
From t h e p o i n t o f view o f a c c e p t a b i l i t y
p a r t i c u l a r l y f o r o l d e r i n f a n t s and young
c h i l d r e n , b o t h t h e c h i c k p e a and t h e pigeonpea
s u f f e r f r o m t h i s drawback, s i n c e i n many
communities f l a t u l e n c e i s a s s o c i a t e d w i t h low
d i g e s t i b i l i t y .
The mechanism o f i n c r e a s e d f l a t u s forma-
t i o n is n o t as y e t known. S t u d i e s in man have
shown t h a t much of t h e gas formed is carbon
d i o x i d e and hydrogen, and t h a t heated legumes
produce l e s s gas t h a n do unheated legumes,
s u g g e s t i n g t h a t t h e r e may be a heat l a b i l e
f l a t u l e n c e f a c t o r . Recent s t u d i e s o n t h e
c a r b o h y d r a t e makeup o f c h i c k p e a , pigeonpea,
green gram and b l a c k gram, and t h e in v i t r o r a t e
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o f a m y l o s i s have shown t h a t t h e r a t e o f
a m y l o s i s i s l o w e s t i n c h i c k p e a , f o l l o w e d b y
pigeonpea, green gram and b l a c k gram.
I t has been suggested t h a t these d i f f e r -
ences may b e r e l a t e d t o d i f f e r e n c e s i n t h e
c a p a c i t y o f these f o u r pulses t o produce gas.
There i s t h u s a n immediate need t o i n v e s t i g a t e
i n t o t h e f a c t o r o r f a c t o r s which leads t o
f l a t u l e n c e and i f p o s s i b l e , e l i m i n a t e i t .
Such a procedure w i l l go a lo n g way i n
i m p r o v i n g t h e acceptance o f these pulses i n
t h e d i e t s o f young c h i l d r e n .
Summary
The n u t r i t i v e v a l u e o f t h e chickpea and
pigeonpea has been demonstrated b o t h in normal
s u b j e c t s and in t h o s e who are m a l n o u r i s h e d .
I n f a c t , s e v e r a l c l i n i c a l i n v e s t i g a t i o n s have
shown t h a t even s e v e r e l y i l l young c h i l d r e n
can accept and t o l e r a t e r e l a t i v e l y l a r g e
amounts of c h i c k p e a . However, legumes t o d a y
a r e used p r i m a r i l y as supplementary sources of
p r o t e i n t o balance p r o t e i n q u a l i t y o f t h e
s t a p l e . Legumes in general t a k e a l o n g t i m e
to cook. Though t h i s may not be a c r u c i a l
f a c t o r i n t h e i r acceptance, i t i s d e s i r a b l e t o
develop v a r i e t i e s t h a t reduce c o o k i n g t i m e .
High p r i o r i t y o b v i o u s l y has t o b e g i v e n t o
i n c r e a s i n g p r o d u c t i o n and a v a i l a b i l i t y o f
legumes. Attempts a t i m p r o v i n g t h e i r q u a l i t y
must b e c o n s i d e r e d i n t h e c o n t e x t o f t h e t o t a l
d i e t o f p o p u l a t i o n groups who consume f a i r
amounts of legumes.
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For a t l e a s t f i f t e e n y e a r s w e have grown
accustomed t o h e a r i n g t h a t t h e major n u t r i -
t i o n a l problem f a c i n g t h e w o r l d 1s a shortage
o f p r o t e i n , and t h e s o - c a l l e d p r o t e i n gap has
become a common c l i c h e i n p o l i t i c i a n s '
speeches, newspapers and in general d i s c u s -
s i o n s . However, w i t h i n t h e l a s t y e a r o r s o
an i n c r e a s i n g number of c r i t i c i s m s have been
r a i s e d a g a i n s t t h e p r o t e i n gap p h i l o s o p h y ;
and t h e u t i l i t y and p o t e n t i a l e f f e c t i v e n e s s
o f many o f t h e r e s e a r c h and a c t i o n programs
I n i t i a t e d under i t s sway have been search-
i n g l y q u e s t i o n e d . For example, i t has
r e c e n t l y been argued 1n t h e columns of Nature
t h a t t h e amino a c i d s u p p l e m e n t a t i o n o f foods
has n o e f f e c t o n t h e n u t r i t i o n a l s t a t u s o f
those consuming t h e foods. A r t i c l e s w i t h
t i t l e s l i k e 'The Great P r o t e i n F i a s c o ' have
appeared i n o t h e r s c i e n t i f i c j o u r n a l s . Such
c r i t i c i s m s have even been r e p o r t e d q u i t e
e x t e n s i v e l y 1n t h e more s e r i o u s newspapers.
The p r i m a r y importance o f t h e p r o t e i n gap
which f o r y e a r s has been accepted as an un-
q u e s t i o n e d t r u t h has now become a m a t t e r o f
c o n s i d e r a b l e c o n t r o v e r s y .
I n t h e l i g h t o f t h i s c o n t r o v e r s y ,
Dr. Ryan, Dr. Yadav and I undertook a survey
o f a l l t h e r e l e v a n t l i t e r a t u r e and i n f o r m a -
t i o n w e c o u l d o b t a i n o n t h e n u t r i t i o n a l
s i t u a t i o n i n t h e s e m i a r i d t r o p i c s , s i n c e t h i s
i s c l e a r l y o f i n t e r e s t and i m p o r t a n c e t o t h e
work of ICRISAT. We have produced two papers
e n t i t l e d "Human N u t r i t i o n a l Needs" and "Crop
Breeding O b j e c t i v e s i n t h e S e m i a r i d T r o p i c s " ,
c o p i e s of which we can s u p p l y to anyone who
is i n t e r e s t e d .
IMPORTANCE OF
CALORIE DEFICIENCIES
In summary, what we found r e i n f o r c e d and
c o n f i r m e d t h e s o r t o f c o n c l u s i o n s t h a t have
r e c e n t l y been p u t f o r w a r d in some of t h e
c o n t r o v e r s i a l p u b l i c a t i o n s I have a l l u d e d t o .
A l t h o u g h i n t h e s e m i a r i d t r o p i c s i n t h e lower
income groups t h e r e i s a d e f i c i t o f p r o t e i n
i n t h e d i e t , t h e d e f i c i t o f c a l o r i e s i s f a r
g r e a t e r . And as one moves up t h e income
s c a l e , t h e maximum recommended p r o t e i n
r e q u i r e m e n t s a r e much sooner reached t h a n t h e
minimum c a l o r i e r e q u i r e m e n t s . I n s h o r t ,
people are s i m p l y n o t g e t t i n g enough f o o d .
I n t h i s s i t u a t i o n s i m p l y i n c r e a s i n g t h e amount
o f p r o t e i n i n t h e d i e t , o r i n c r e a s i n g t h e
percentage of s e l e c t e d amino a c i d s , is un-
l i k e l y t o have a s i g n i f i c a n t b e n e f i c i a l e f f e c t
because t h e p r o t e i n and amino a d d s cannot be
used e f f e c t i v e l y i f c a l o r i e s a r e d e f i c i e n t —
t h e y t e n d t o b e b u r n t u p a s f u e l .
Real p r o t e i n d e f i c i e n c i e s — w h e r e d i e t s
c o n t a i n s u f f i c i e n t c a l o r i e s b u t i n s u f f i c i e n t
p r o t e i n — d o occur t o some e x t e n t i n t h e humid
t r o p i c s when s t a r c h y r o o t s and t u b e r s f o r m
t h e b a s i s o f t h e d i e t , b u t seem t o be v e r y
f a r from common i n t h e s e m l a r l d t r o p i c s . Of
course p r o t e i n i s necessary i n t h e d i e t , but
s o are c a l o r i e s , and t h e p r o t e i n gap p h i l o -
sophy has l e d to a d i s t o r t e d and one-sided
view o f t h e problem. I n t h i s c o n n e c t i o n 1 t
i s i n t e r e s t i n g t o n o t e t h a t t h e P r o t e i n
A d v i s o r y Group of t h e U.N. has r e c e n t l y
changed i t s name t o t h e P r o t e i n - C a l o r i e
A d v i s o r y Group.
Importance of Starch
In t h e legumes t h e s t a r c h , which makes
up t h e m a j o r i t y o f t h e p u l s e g r a i n s , has been
more or l e s s c o m p l e t e l y i g n o r e d . For example,
in t h e P r o t e i n A d v i s o r y Group P u b l i c a t i o n
" N u t r i t i o n a l Improvement o f Food Legumes by
Breeding" (1972) 1n over 320 pages, l e s s t h a n
one i s devoted t o s t a r c h . I t may be argued
t h a t legumes a r e p r i m a r i l y a p r o t e i n c r o p and
t h a t we s h o u l d c o n c e n t r a t e on t h e p r o t e i n 1n
t h e legumes; t h e s t a r c h w i l l come from t h e
c e r e a l s . But i n t h e c e r e a l f i e l d w e f i n d
t h a t t h e n u t r i t i o n a l emphasis is once a g a i n
almost e n t i r e l y o n p r o t e i n and amino a c i d s
such as l y s i n e . Here t o o s t a r c h has been
1
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more o r l e s s c o m p l e t e l y i g n o r e d . T h i s i s a 
n a t u r a l consequence o f t h i n k i n g t h a t t h e major
n u t r i t i o n a l problem i s n o t one o f c a l o r i e
s u p p l y b u t p r i m a r i l y o f p r o t e i n a s a l i m i t i n g
f a c t o r . But it seems t h a t we must now change
o u r b a s i c assumptions.
REORIENTATION OF
NUTRITIONAL RESEARCH
I n much o f the " q u a l i t y " work on
p r o t e i n s and amino a c i d s , emphasis has been
p l a c e d on percentage l e v e l s , and aims of
p e r c e n t a g e i n c r e a s e s 1n p r o t e i n and s e l e c t e d
amino acid l e v e l s have been much d i s c u s s e d .
The a t t e m p t to i n c r e a s e percentages may stem
p a r t l y f r o m an assumption t h a t people e a t a 
f i x e d q u a n t i t y o f f o o d and t h a t t o i n c r e a s e
t h e i r I n t a k e o f a g i v e n n u t r i e n t t h a t p e r c e n t -
age o f t h e n u t r i e n t w i t h i n a p l a t e o f f o o d
must be i n c r e a s e d . However, f o r t h e under-
n o u r i s h e d w i t h whom we ar e concerned, t h i s is 
n o t t h e case. I f t h e i r e f f e c t i v e income
r i s e s , t h e y e a t more f o o d . For example, i n
t h e l o w e r income b r a c k e t s in I n d i a a d o u b l i n g
of Income per c a p i t a is a s s o c i a t e d w i t h an
a p p r o x i m a t e d o u b l i n g o f consumption per c a p i t a
o f c h i c k p e a s .
" Q u a l i t y " may be more or l e s s synonymous
w i t h amino a c i d c o m p o s i t i o n f o r a number o f
s c i e n t i s t s . However, as Dr. Pushpamma has
s t r e s s e d , t h i s is n o t what it means i n t h e
m arket when p r i c e s a r e d e t e r m i n e d by consumer
p r e f e r e n c e s f o r t h i n g s l i k e l a r g e r seed s i z e ,
c o o k i n g q u a l i t y and seed c o l o r . F o r t u n a t e l y
we have an economics team at ICRISAT and
Dr. M. von Oppen of our economics department
is I n v e s t i g a t i n g these p r e f e r e n c e s by means
o f market s u r v e y s , e t c . I n b r e e d i n g new
v a r i e t i e s w e cannot a f f o r d t o i g n o r e these
f a c t o r s s i n c e i f w e breed a v a r i e t y w i t h , f o r
example, a 25% h i g h e r y i e l d b u t w i t h a 30%
l o w e r market p r i c e , t h e f a r m e r s w i l l make more
p r o f i t b y growing h i g h e r p r i c e d b u t lower
y i e l d i n g v a r i e t i e s and w i l l t h e r e f o r e b e
u n l i k e l y t o adopt t h e new v a r i e t y . Dr. von
Oppen has a l r e a d y found t h a t market p r i c e s
o f d i f f e r e n t types o f pigeonpea needs can
v a r y b y a t l e a s t 25%.
CONCLUSIONS
I t seems t h a t o u r b e s t p o s s i b l e
s t r a t e g y i s t o breed f o r h i g h e r y i e l d s o f
e c o n o m i c a l l y a c c e p t a b l e v a r i e t i e s o f b o t h
c e r e a l s and p u l s e s and n o t t o w o r r y about
a t t e m p t i n g to change amino a c i d p r o f i l e s by a 
p o s i t i v e b r e e d i n g s t r a t e g y . I n t h e p u l s e s
perhaps t h e b e s t t h i n g t o d o would b e t o t e s t
p r o m i s i n g h i g h y i e l d i n g m a t e r i a l i n t h e breed-
i n g program f o r p r o t e i n , s u l p h u r amino a c i d s
and s t a r c h t o make s u r e t h a t we do n o t produce
a v a r i e t y a b n o r m a l l y d e f e c t i v e i n t h e s e
c o n s t i t u e n t s . T h i s would be a n e g a t i v e
s c r e e n i n g p r o c e d u r e , n o t a p o s i t i v e a t t e m p t
t o change p r o t e i n percentage o n amino a c i d
l e v e l s by s c r e e n i n g thousands of samples and
a t t e m p t i n g t o breed f o r such f a c t o r s a s h i g h
m e t h i o n i n e l e v e l s . In any case we know t o o
l i t t l e about t h e h e r i t a b i l i t i e s and e n v i r o n -
mental e f f e c t s o n such percentages f o r t h i s t o
b e f e a s i b l e a t p r e s e n t .
But o n t h i s p o i n t , though perhaps f o r
d i f f e r e n t r e a s o n s , t h e r e seems t o be gen e r a l
agreement. Mr. Hulse has s a i d he would n o t
g i v e h i g h p r i o r i t y t o work o n amino a c i d
c o m p o s i t i o n ; Dr. Royes has remarked t h a t
i n s t e a d o f t r y i n g t o improve t h e percentage
o f s u l p h u r amino a d d s i n t h e p u l s e s w e s h o u l d
perhaps t h i n k o f t h e s e amino a d d s b e i n g
s u p p l i e d b y o t h e r components i n t h e d i e t such
as c e r e a l s . Dr. Pushpamma has a l s o p o i n t e d
o u t t h a t t h e m e t h i o n i n e l e v e l s o f p u l s e s
s h o u l d n o t b e seen i n i s o l a t i o n b u t i n t h e
c o n t e x t o f d i e t s c o n t a i n i n g c e r e a l s when t h e
problem ceases to seem so i m p o r t a n t .
Dr. S r i k a n t i a has emphasized t h a t i f s u f f i -
c i e n t c e r e a l based d i e t s a r e eaten t o meet
c a l o r i c needs, t h e amino a d d needs w i l l be





EVALUATION IN CICER AND CAJANUS
L. J. G. van der Maesen1
INTRODUCTION
W i t h t h e general awareness o f g e n e t i c
e r o s i o n i n crop p l a n t s accompanying t h e r a p i d
i n t r o d u c t i o n o f improved c u l t i v a r s , a t t e m p t s
are a t l a s t b e i n g made on a wo r l d w i d e s c a l e t o
pre s e r v e t h e a v a i l a b l e and p r e c i o u s m a t e r i a l .
With C i c e r and Cajanus we ar e s t i l l i n a b e t t e r
p o s i t i o n t h a n i s t h e case w i t h wheat even 1 f
p r e s e r v a t i o n f o r wheat were i n i t i a t e d now.
More than 70% o f bot h p u l s e crops are s t i l l
grown f r o m l a n d r a c e m a t e r i a l , a t l e a s t i n
I n d i a where t h e m a j o r i t y 1s grown. On t h e
o t h e r hand, 1n Turkey o n l y a m i n o r i t y of t h e
29 s o - c a l l e d chickpea v a r i e t i e s as d e s c r i b e d
by Popova and Pavlova (1933) c o u l d be secured
by e x p e d i t i o n s of t h e Crop Research and
I n t r o d u c t i o n Center a t Menemen, I z m i r . I n
1958, t h e i r e x i s t e n c e was i n d i c a t e d by Genckan
who a l s o d e s c r i b e d these forms. The b o l d
seeded M e d i t e r r a n e a n chickpea g r a d u a l l y
r e p l a c e d s m a l l e r seeded c u l t i v a r s w i t h c o l o r e d
seed c o a t . By c o n t r a s t 1n E t h i o p i a t h e
Mediterranean f o r m Kabuli has n o t y e t spread
over l a r g e a r e a s . Westphal (1974) never found
i t a t m a r k e t s , but o n l y near a n a g r i c u l t u r a l
r e s e a r c h c e n t e r . He d e s i g n a t e d t h e m a t e r i a l
as cv I t a l i a n Wonder.
Aside fr o m improvement i n a g r i c u l t u r e ,
e x t i n c t i o n o f p r i m i t i v e forms o r p a r t i c u l a r
landraces 1s hastened by r e p e a t e d d r o u g h t s ,
when people e a t t h e i r sowing seed and have t o
r e l y o n r e l i e f seed sources f r o m elsewhere.
F u r t h e r p o p u l a t i o n p r e s s u r e b r i n g s a h i g h e r
d e n s i t y of browsing a n i m a l s and t h o s e form a 
t h r e a t t o weedy and w i l d r e l a t i v e s o f b o t h
chickpea and pigeonpea, as w e l l as to o t h e r
crop s p e c i e s . C i v i l and g u e r i l l a w a r f a r e i s
l i k e l y t o d e s t r o y c e r t a i n h a b i t a t s where
v a l u a b l e m a t e r i a l m i g h t occur.
P r e s e n t l y t h e i n t e r n a t i o n a l i n s t i t u t e s
have committed themselves t o t h e t a s k o f p r e -
s e r v i n g germplasm. I n t e r n a t i o n a l c o o p e r a t i o n
and c o o r d i n a t i o n was r e c e n t l y s t a r t e d w i t h t h e
e s t a b l i s h m e n t o f t h e I n t e r n a t i o n a l Board f o r
P l a n t Genetic Resources, w i t h h e a d q u a r t e r s a t
FAO i n Rome. Three p o i n t s i n h a n d l i n g germ-
plasm a r e c o n s i d e r e d I m p o r t a n t and i n s e p a r a b l e :
1 . E x p l o r a t i o n and c o l l e c t i o n
2. Documentation
3. E v a l u a t i o n
These p o i n t s w i l l be reviewed i n some o f
t h e f o l l o w i n g paragraphs.
The word germplasm was used f o r t h e f i r s t
t i m e ( c f . R i e g e r e t a l . 1968) b y Weissmann i n
1883 (Keimplasma) and s t a n d s , i n s t r i c t sense,
f o r t h e chromatine m a t e r i a l i n t h e c e l l n u c l e -
us. The g e n e t i c m a t e r i a l forms t h e p h y s i c a l
b a s i s o f i n h e r i t a n c e which i s t r a n s m i t t e d f r o m
g e n e r a t i o n t o g e n e r a t i o n b y t h e g e n e r a t i v e
c e l l s . In a broad sense, breeders have used
t h e word germplasm f o r a l o n g t i m e t o i n d i c a t e
t h e c o l l e c t i o n o r assembly o f p o p u l a t i o n s ,
l i n e s , c l o n e s , c u l t i v a r s , l a n d r a c e s , e t c . ,
f r o m as many d i f f e r e n t sources as p o s s i b l e
which a r e to be used in combining s p e c i f i c
p r o p e r t i e s i n t o a f i n a l p r o d u c t t h e y can
r e l e a s e as a c u l t i v a r .
ASSEMBLING INFORMATION
ON THE CONCERNED SPECIES
Taxonomists p r o v i d e u s w i t h t h e necessary
data about t h e s p e c i e s and t h e i r o c c u r r e n c e .
A t t h e i n f r a s p e c i f i c l e v e l t h e y o f t e n p r o v i d e
u s e f u l i n f o r m a t i o n , b u t t h i s has been i g n o r e d
b y breeders o r proved t o b e o f l i m i t e d prac-
t i c a l use. The breeders and t h e d i f f e r e n t
p l a n t i n t r o d u c t i o n s e r v i c e s h i t h e r t o produced
l i t t l e r e c e n t c l a s s i f i c a t i o n i n C i c e r and
Cajanus i n t o which a l l germplasm c o u l d b e
f i t t e d , a l t h o u g h c o n s i d e r a b l e a r t i f i c i a l
g r o u p i n g has been c a r r i e d o u t .
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I n 1972, t h e a u t h o r p r e s e n t e d a f u l l
r e v i s i o n o f t h e genus C i c e r a s a p a r t o f h i s
monograph on t h e c r o p . The I n f r a s p e c i f i c
c l a s s i f i c a t i o n h e c o u l d n o t t a c k l e , b u t a t
ICRISAT he w i l l have a good o p p o r t u n i t y t o do
so. I n C i c e r , 3 9 species e x i s t : C i c e r
a r i e t i n u m L., t h e c h i c k p e a , seven o t h e r annual
w i l d or weedy species and 31 p e r e n n i a l ones.
The l a s t ones e s p e c i a l l y a r e v e r y d i f f i c u l t t o
o b t a i n and t o grow. T h e i r g e o g r a p h i c a l
d i s t r i b u t i o n 1s known, b u t sometimes f r o m v e r y
o l d sources o n l y . Two species have been f o u n d
o n l y once. The h e r b a r i u m , o r i g i n a l d e s c r i p -
t i o n s , o l d and new maps, t r a v e l guides and
l i t e r a t u r e s t u d y are t h e b a s i s f o r those
searches.
For Cajanus such a r e c e n t t r e a t m e n t does
n o t e x i s t . I t i s a genus w i t h t h r e e t o f o u r
s p e c i e s and t e n or more synonyms can be f o u n d
f o r t h e species Cajanus c a j a n ( L . ) M i l l s p a u g h .
References a r e much l e s s abundant t h a n f o r
C i c e r and ar e s t i l l s c a t t e r e d . I n C i c e r t h e
m o r p h o l o g i c a l ' species concept works v e r y w e l l ,
whereas Cajanus i s a t r e a t f o r b i o s y s t e m a t -
i c i s t s s i n c e i t crosses very w e l l w i t h s e v e r a l
A t y l o s i a s p e c i e s . The two r e l a t e d genera
s h o u l d perhaps be u n i t e d i n t o one genus s i n c e
t h e ' b i o l o g i c a l ' species concept f e a t u r e s
g e n e t i c a l b a r r i e r s t o d e l i n e a t e s p e c i e s .
Reddy (1973) and De (1974) advocate t h i s s t a n d -
p o i n t a f t e r g e n e t i c a l and c y t o l o g i c a l r e s e a r c h
1n b o t h genera. The s t a t e m e n t has been made
s e v e r a l t i m e s s i n c e 1900.
Collection of Primitive Species
N e i t h e r of o u r p u l s e crops possess enough
accessions which a r e c o m p l e t e l y r e s i s t a n t
a g a i n s t d i s e a s e s , such a s w i l t o r b l i g h t
(Fusarium o r t h o c e r a s v a r . c i c e r ! r e s p . F. udum
and Ascochyta r a b i e T ) . As w i l d species gener-
a l l y possess more r e s i s t a n c e , t h e breeders
need w i l d species and germplasm c o l l e c t i o n s
which c o n t a i n those f o r use and s t o r a g e . No
c e r t a i n t y e x i s t s t h a t w e w i l l b e f o r e v e r a b l e
t o r e p l e n i s h o u r sources o f w i l d m a t e r i a l
because o f , among o t h e r t h i n g s , goat popula-
t i o n , and p o l i t i c a l i n a c c e s s i b i l i t y . The
e f f o r t s t o o b t a i n them a r e t o o c o m p l i c a t e d t o
enable f r e q u e n t t r i p s .
Knowledge o f t h e e x i s t e n c e o f o t h e r c o l -
l e c t i o n s , p r o c u r i n g t h e m a t e r i a l , exchange o f
p e r s o n a l e x p e r i e n c e and d a t a prove to be most
u s e f u l . P r i o r i t i e s can b e p o s t u l a t e d w i t h
r e s p e c t t o t h e areas where p r i m i t i v e forms a r e
in danger of replacement or where v a l u a b l e
a d d i t i o n a l germplasm m a t e r i a l may be f o u n d .
ORIGIN AND
DISTRIBUTION OF CICER
C i c e r a r i e t i n u m has n o t been found in a 
w i l d s t a t e , though escapes o c c u r . V a v i l o v
(1951) i n d i c a t e d t h e H i n d u s t a n , C e n t r a l A s i a n ,
Near E a s t e r n and M e d i t e r r a n e a n c e n t e r s as
p r i m a r y sources o f o r i g i n , and t h e E t h i o p i a n
c e n t e r as secondary. These d i v e r s e c e n t e r s
f o r m t h e n u c l e i o f t h e area i n h a b i t e d b y w i l d
C i c e r s p e c i e s . R e c e n t l y a few annual s p e c i e s
have been d e s c r i b e d which a r e c l o s e l y r e l a t e d
to t h e c u l t i v a t e d c h i c k p e a : C. b i j u g u m K.H.
Rech. and C. echinospermum, P.H. D a v i s , b o t h
o c c u r r i n g i n T u r k i s h Mesopotamia and I r a q i
K u r d i s t a n . Both a r e f a v o r e d by human i n f l u -
ence o n t h e ecosystem: t h e y i n h a b i t f a l l o w
f i e l d s and o r c h a r d s . C. p i n n a t i f i d u m Jaub & 
Spach and C. j u d a i c u m B o i s s , b o t h annual
M e d i t e r r a n e a n s p e c i e s , were f o r m e r l y b e l i e v e d
t o b e predecessory m a t e r i a l f o r c h i c k p e a . I n
A f g h a n i s t a n t h e annual r e l a t i v e s o f t h e c h i c k -
pea a r e C. chorassanicum (Bge)M. Pop and
C. yamashitae Kitam. In E t h i o p i a , C. cuneatum
Hocnst e x Rich i s f o u n d . The l a s t t h r e e
s p e c i e s a r e more d i f f e r e n t f r o m t h e c h i c k p e a .
These s p e c i e s have never been d e l i b e r a t e l y
c o l l e c t e d f o r germplasm e x c e p t C. cuneatum.
C. p i n n a t i f i d u m was p r e s e n t in some seed
c o l l e c t i o n s o f b o t a n i c a l i n s t i t u t e s .
For a l l p e r e n n i a l s p e c i e s t h e o c c u r r e n c e
i s known a l t h o u g h n o t a l l l o c a l i t i e s a r e t r a c e -
a b l e . I n I r a n and C e n t r a l A s i a t h i s proved t o
b e d i f f i c u l t . Very o l d o r s i n g l e f i n d s a r e
source f o r pessimism over hopes o f t r a c i n g
t h e s e s p e c i e s a g a i n . For example, C. suba-
p h y l l u m Boiss found on a mountain I s o l a t e d in
t h e p l a i n s near P e r s e p o l i s i n I r a n i n 1841,
c o u l d n o t be found when t h e a u t h o r made an
a t t e m p t i n June 1974. However, t h i s s p e c i e s
seems one o f t h e l e a s t u s e f u l t o t h e b r e e d e r s .
Annual s p e c i e s a r e t h e f i r s t t o be c o l l e c t e d ,
a r e e a s i e r t o grow and more l o g i c a l t o use 1 n
b r e e d i n g , a l t h o u g h no successes have been
r e p o r t e d y e t f r o m i n t e r s p e c i f i c c r o s s e s .
D e t a i l e d i n f o r m a t i o n o n d i s t r i b u t i o n i s
found in t h e monograph by van d e r Maesen (1972).
The areas where chickpeas a r e in t h e course of
replacement by improved c u l t i v a r s , as super-
Imposed o n t h e areas o f w i l d and c u l t i v a t e d
c h i c k p e a s , are p r e s e n t e d , t o g e t h e r w i t h a list
o f s u g g e s t i o n s f o r c o l l e c t i o n s (van d e r Maesen,
1973). I n g e n e r a l , I n d i a and I r a n a r e w e l l
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r e p r e s e n t e d i n t h e p r e s e n t ICRISAT c o l l e c t i o n s ,
c o m p r i s i n g about 8500 a c c e s s i o n s .
The c h i c k p e a moved f r o m i t s e c o l o g i c a l
optimum — f o o t h i l l s w i t h h i g h l i g h t I n t e n -
s i t y , l o n g days, m o d e r a t e l y h i g h t e m p e r a t u r e s ,
w e l l - d r a i n e d s o i l s — t o the p l a i n s o f I n d i a
and has adapted q u i t e w e l l t h e r e . Man is
m a i n l y r e s p o n s i b l e f o r t h e wide d i s t r i b u t i o n
which s t a r t e d at a v e r y e a r l y age. Archaeo-
l o g i c a l p r o o f s were found o f c u l t i v a t e d c h i c k -
peas in H a c i l a r , Turkey, dated 5450 B.C. Also
e a r l y f i n d s were o b t a i n e d i n J e r i c h o and
Mesopotamia. Old S a n s k r i t names as w e l l as
c a r b o n i z e d names p o i n t to a presence of
chickpeas in I n d i a s i n c e 2000 B.C. White
seeded Kabuli chickpeas a p p a r e n t l y a r r i v e d i n
I n d i a o n l y about 250 y e a r s ago, as i n d i c a t e d
by i t s name. More d e t a i l e d accounts can be
found i n t h e monograph.
ORIGIN AND
DISTRIBUTION OF CAJANUS
De (1974) reviewed t h e h i s t o r y and d i s -
t r i b u t i o n o f Cajanus. A f r i c a n o r i g i n f o r t h e
genus is noted by de C a n d o l l e (1882) because
pigeonpeas were not found w i l d 1n I n d i a b u t
o c c u r r e d i n t h e w i l d s t a t e i n s e v e r a l l o c a -
t i o n s i n A f r i c a . Zhukovsky (1962) f a v o r e d
A f r i c a n o r i g i n w i t h o u t g i v i n g evidence o r
r e f e r e n c e t o V a v i l o v , ( 1 9 5 1 ) , who regarded
I n d i a a s t h e c e n t e r o f o r i g i n because o f t h e
wide v a r i a b i l i t y i n pigeonpeas. H e d i d n o t
mention A t y l o s i a . Most a u t h o r s r e p e a t t h a t
Cajanus is a monotypic genus, a l t h o u g h C.,
k e r s t i n g i i Harms i s a t r u l y w i l d species
found i n West A f r i c a ( G i l l e t t e t a l . 1971,
Hepper 1958), which c o u l d be an i n d i c a t i o n f o r
the o r i g i n o f t h e genus. More c l a r i f i c a t i o n
i s s t i l l needed r e g a r d i n g nomenclature and
species concept. E t y m o l o g i c a l b a s i s f o r
A f r i c a n o r i g i n o n l y a p p l i e s f o r the West Indies
where t h e pigeonpea was b r o u g h t w i t h t h e s l a v e
t r a d e .
Both t h e v a r i a b i l i t y in Cajanus c a j a n as
w e l l a s t h e o c c u r r e n c e o f 2 2 species o f t h e
c l o s e l y r e l a t e d genus A t y l o s i a i n t h e I n d i a n
s u b c o n t i n e n t c l e a r l y p o i n t t o I n d i a n o r i g i n .
Several a u t h o r s ( c f De 1974) d e s c r i b e d t h e
d i s t r i b u t i o n f r o m I n d i a t o A f r i c a , and f r o m
t h e r e t o America, and f r o m I n d i a eastwards t o
t h e Malay A r c h i p e l a g o , I n d o c h i n a and A u s t r a l i a
as backed by h i s t o r i c a l and e t y m o l o g i c a l
evidence. T h i s process p r o b a b l y t o o k p l a c e i n
t h e l a s t c e n t u r i e s B.C. China r e c e i v e d
Cajanus 1n t h e 6 t h c e n t u r y A.D.
A p r e l i m i n a r y search i n t h e Index
Kewensis a l o n e , leaves u s w i t h e i g h t spp. i n
Cajanus, o f which f o u r a r e n o t y e t withdrawn
a s synonyms f o r A t y l o s i a species i n A u s t r a l i a .
A t p r e s e n t , two t o f o u r species remain v a l i d l y
d e s c r i b e d . Many synonyms ( n o t species as
quoted b y De, 1974) were l i s t e d . I n A t y l o s i a ,
3 4 species are l i s t e d : 2 2 i n I n d i a , S r i Lanka
and Burma, one on M a u r i t i u s , seven in
A u s t r a l i a , one i n M a l a y s i a , two i n China, one
i n T h a i l a n d , w i t h o u t c o u n t i n g t h e w i d e l y
spread A. scarabaeoides Benth and a few spe-
c i e s o f I n d i a a l s o found elsewhere. A .
scarabaeoides was undoubtedly i n t r o d u c e d i n t o
A f r i c a ( G i l l e t t e t a l . 1971). The I n d i a n
A. v o l u b i l i s Gamble, A. goensis ( D a l z ) Dalz as
w e l l as A. scarabaeoides a r e found in Java.
A . m o l l i s Benth i s a l s o found i n M a l a y s i a and
t h e P h i l i p p i n e s , b u t t h e m a j o r i t y o f species
can be found in I n d i a . M a i n l y t h e Western
Ghats and o t h e r h i l l y r e g i o n s , such as t h e
Malabar c o a s t a l mountains, f o r m t h e c e n t e r o f
v a r i a b i l i t y . From t h e d i s t r i b u t i o n as g i v e n
by De ( 1 9 7 4 ) , no s p e c i e s appears to be endemic
i n t h e Himalayas.
Homology between Cajanus c a j a n and
A t y l o s i a l i n e a t a Wight & Am was proven by
Reddy ( t h e s i s 1973). Less r e l a t i o n s h i p was
found to A. s e r i c e a Benth ex Baker and t h e
t w i n i n g species A . s c a r a b a e c i d e s , b u t s t i l l
h y b r i d s were o b t a i n e d . Seven p a i r s o f c h r o -
mosomes, o u t of 1 1 , a r e common to b o t h t h e
genera. T o l o o k f o r a w i l d p r o g e n i t o r o f
pigeonpea, o r a t l e a s t f o r a common predeces-
s o r , t h e e r e c t A t y l o s i a s p e c i e s a r e a n a t u r a l
source. The s e p a r a t i o n of t h e genera on t h e
narrow b a s i s o f t h e a r i l has r e p e a t e d l y been
brought t o a t t e n t i o n . A t y l o s i a has a w e l l -
developed a r i l , Cajanus has a small r i m a r i l ,
a l t h o u g h c o n s i d e r a b l e v a r i a b i l i t y e x i s t s . A 
r e v i s i o n o f these and r e l a t e d genera i n the
tride Phaseoleae appears b a d l y needed. More
f l o r i s t i c i n f o r m a t i o n i s a l s o nec e ss ar y,
s i n c e the F l o r a o f B r i t i s h I n d i a s t i l l appears
to be one of t h e major sources.
OBTAINING GERMPLASM
So f a r o n l y a few a t t e m p t s have been made
elsewhere to a c q u i r e and keep l a r g e germplasm
c o l l e c t i o n s o f C i c e r and Cajanus. The c o l l e c -
t i o n s o f V a v i l o v and h i s c o l l a b o r a t o r s are
c l a s s i c a l , b u t much o f t h i s m a t e r i a l was l o s t
d u r i n g t h e war. Several small c o l l e c t i o n s
e x i s t e d a t t h e r e g i o n a l n a t i o n a l b r e e d i n g
c e n t e r s i n I n d i a . A l a r g e s i z e d c o l l e c t i o n
was o b t a i n e d by t h e Regional Pulse Improvement
P r o j e c t , i n i t i a t e d by USDA/USAID, and t h i s
forms t h e b u l k o f t h e c h i c k p e a and pigeonpea
accessions at ICRISAT. RPIP made e x t e n s i v e
c o l l e c t i o n s o f most p u l s e s grown i n I n d i a and
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I r a n f o r w h i c h we s h o u l d g i v e them f u l l c r e d i t
C o o p e r a t i o n w i t h t h e IARI and t h e K a r a j
A g r i c u l t u r a l C o l l e g e was I n i t i a l l y I n t e n s i v e .
When f i n a n c i a l and o t h e r r e s o u r c e s d r i e d up,
t h e program was handed o v e r t o t h e n a t i o n a l
a g r i c u l t u r a l a u t h o r i t i e s ( I A R I and A l l I n d i a
C o o r d i n a t e d Pulse Improvement P r o j e c t ) b e f o r e
ICRISAT s t a r t e d I t s o p e r a t i o n s . Many RPIP
acc e s s i o n s were o b t a i n e d t h r o u g h t h e s e chan-
n e l s , and t h e y have been used and a r e b e i n g
used 1n s e v e r a l c e n t e r s as w e l l . However, a 
c o n s i d e r a b l e number have been l o s t . Coopera-
t i o n w i t h I n d i a n and o t h e r I n s t i t u t e s i s
g r a t e f u l l y acknowledged and w i l l c o n t i n u e .
From t h e A r i d Land A g r i c u l t u r a l Devel-
opment Program, w o r k i n g s i n c e 1972, much
m a t e r i a l has been r e c e i v e d and s t i l l w i l l f l o w
t o t h e ICRISAT c o l l e c t i o n s . The I n t e r n a t i o n a l
n a t u r e o f ICRISAT p e r m i t s a n a t t e m p t t o o b t a i n
a l l a v a i l a b l e germplasm m a t e r i a l f o r t h e two
p u l s e s f o r w h i c h t h e I n s t i t u t e assumed
r e s p o n s i b i l i t y .
The two i m p o r t a n t ways of o b t a i n i n g
a c c e s s i o n s a r e t o g e t o t h e r c o l l e c t i o n s b y
correspondence o r p e r s o n a l c o n t a c t s , and
c o l l e c t i n g o f m a t e r i a l o n e x p e d i t i o n s i n t h e
a reas where chickpeas or pigeonpeas a r e grown
and w i l d r e l a t i v e s o c c u r . The f i r s t method
t h u s f a r y i e l d e d most o f t h e l i n e s ; t h e
second approach may y i e l d more s p e c i f i c a l l y
wanted m a t e r i a l .
EXPLORATION AND COLLECTION
A good p r e p a r a t i o n i s o f utmost impor-
t a n c e f o r c o l l e c t i o n t r i p s , and n o t o n l y
because o f l i m i t e d t i m e and r e s o u r c e s . From
t h e s t a n d p o i n t o f economy, however, c o l l e c t i o n
t r i p s o f t e n c o s t o n l y a f r a c t i o n o f t h e ex-
pense o f i n s t i t u t e s and government and p r i v a t e
b r e e d e r s t o develop a c u l t i v a r .
The morphology o f t h e c r o p species w i l l
b e well-known b y o u r c o l l e c t o r s . I f s p e c i a l
c h a r a c t e r i s t i c s o c c u r , t h e s e s h o u l d be de-
t e c t e d i n t h e f i e l d o r i n m a r k e t s . The mar-
k e t s , p r e f e r a b l y o f s m a l l r e g i o n a l c e n t e r s o r
v i l l a g e s where f a r m e r s s e l l t h e i r own p r o d u c t s ,
a r e good sources f o r g r a i n legume c u l t i v a r s .
A l l members o f t h e team s h o u l d a l s o have a 
f a i r knowledge o f t h e w i l d s p e c i e s ' h a b i t . O f
course c o l l e c t i o n s w i l l n o t have t o be r e s t r i c -
t e d t o C i c e r , Cajanus and A t y l o s i a o n l y .
Methods of Collection
Methods and t e c h n i q u e s adopted f o r
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c o l l e c t i o n o f germplasm a r e g i v e n b y B e n n e t t
( 1 9 7 0 ) . She d e s c r i b e s t h e l i m i t a t i o n s o f t h e
amount o f m a t e r i a l which can b e c o l l e c t e d i n a 
c e r t a i n t i m e . I n Turkey, t h e I z m i r Center
c o u l d n o t average 50 samples a day w i t h f o u r
teams. In A f g h a n i s t a n , where o n l y wheat was
c o l l e c t e d by t h e FAO m i s s i o n , t h e maximum was
15 samples a day. Market samples can be
c o l l e c t e d more r a p i d l y , b u t knowledge o f
market days i s necessary. I n E t h i o p i a n markets
i t proved e a s i e s t t o p r o c u r e a sample o f 100-
200 g , t h e v a r i a b l e amount b e i n g s o l d f o r 5 
E t h i o p i a n d o l l a r s . For o u r needs a l a r g e r
amount can be p r o c u r e d .
The s i z e o f samples v a r i e s w i t h t h e
p o p u l a t i o n v a r i a n c e . Zagaja (1968) g i v e s a 
minimum number o f 20,000 seeds i n o r d e r t o
g a t h e r t h e e x i s t i n g v a r i a t i o n in a c r o p . T h i s
i s c o m p l e t e l y i n f e a s i b l e i n w i l d C i c e r and
e x t r e m e l y d i f f i c u l t i n A t y l o s i a , b u t i n t h e
f i r s t case we have s e l f - p o l l i n a t i n g p l a n t s
which makes homozygosity more p r o b a b l e . A 
sample o f 20,000 seeds o f chickpeas o r p i g e o n -
pea would v a r y between one and t e n k i l o g r a m s ,
and is o b t a i n a b l e f r o m f a r m e r s .
I n t h e f i e l d , random sampling is t h e most
a p p l i e d t e c h n i q u e , perhaps supplemented by a 
b i a s e d sampling t o s e l e c t a l l r a r e phenotypes.
These a r e n o t n e c e s s a r i l y g e n e t i c a l l y d i s t i n c t ,
and perhaps o n l y i n d i c a t e a s m a l l l o c a l
f e r t i l e s p o t .
I t i s a l s o necessary t o c o l l e c t a t l e a s t
f i v e h e r b a r i u m specimens a l o n g w i t h t h e seeds,
if p o s s i b l e . O f t e n t h e p l a n t s w i l l have d r i e d
up when r i p e seeds o f C i c e r spp. a r e c o l l e c t -
ed. E s p e c i a l l y f o r r a r e and w i l d s p e c i e s ,
b e t t e r r e f e r e n c e s t o r a g e i s r e q u i r e d s i n c e
many o f them a r e r a r e l y a v a i l a b l e i n t h e
w o r l d ' s h e r b a r i u m i n s t i t u t e s .
B e n n e t t (1970) a l s o gave an e x t e n s i v e
l i s t o f o b s e r v a t i o n s t o b e t a k e n a t t h e
c o l l e c t i o n s i t e . For convenience t h e s e a r e
coded. A l l p l a n n i n g procedures such a s
arrangements f o r v i s a and a p p r o v a l s , guides
and i n t e r p r e t e r s , t e c h n i c a l equipment, a r e
d i s c u s s e d .
Political Inaccessibility
One of t h e problems e n c o u n t e r e d 1s
p o l i t i c a l i n a c c e s s i b i l i t y , in some r e g a r d even
more t h a n t o p o g r a p h i c a l i n a c c e s s i b i l i t y . A 
p r o p o s a l , accompanying t h e C i c e r monograph
(van d e r Maesen 1972) reads as f o l l o w s :
I n t e r n a t i o n a l agreements s h o u l d e n a b l e s c i e n -
t i f i c b o t a n i c a l e x p l o r a t i o n in b o r d e r areas o r
p o l i t i c a l l y d i s p u t e d areas f o r q u a l i f i e d
s c i e n t i s t s o f a l l n a t i o n a l i t i e s . Even i n
n o n d i s p u t e d a r e a s , however, a team of f o r -
e i g n e r s , s q u a t t i n g on t h e ground here and
t h e r e , t a k i n g crop samples o r apparent w o r t h -
l e s s weeds, s c r i b b l i n g notes and k i l o m e t e r
r e a d i n g s , looks s u s p i c i o u s . Knowledge o f t h e
language f a c i l i t a t e s c o n t a c t s w i t h l o c a l
a u t h o r i t i e s and f a r m e r s . I n t h e case o f C i c e r
many I n t e r e s t i n g b o r d e r areas a r e p r o h i b i t e d
o r d i f f i c u l t t o e n t e r , such as E r i t r e a , Mount
Hermon i n Lebanon, I r a q i K u r d i s t a n , t h e
Afghani panhandle and Kashmir. R e c e n t l y a 
p l a n t c o l l e c t o r was d e t a i n e d f o r f i v e months
1n Somali p r i s o n s when he a c c i d e n t a l l y crossed
t h e i l l - d e l i n e a t e d b o r d e r w i t h h i s Land Rover.
I n c e s s a n t d i p l o m a t i c e f f o r t s were needed t o
r e l e a s e him, and h i s E t h i o p i a n companions were
r e l e a s e d o n l y a f t e r 1 7 months o f p r i s o n .
DOCUMENTATION
Documentation b e f o r e c o l l e c t i o n concerns
m a i n l y l i t e r a t u r e r e s e a r c h . I t may b e done b y
computer r e t r i e v a l , b u t backdated l i t e r a t u r e
i s n o t t r a c e a b l e y e t . The c l a s s i c a l way o f
t h e snowball system proved t o b e adequate f o r
C i c e r , and f o r Cajanus i t w i l l be even more
manageable s i n c e fewer r e f e r e n c e s e x i s t .
Documentation a f t e r o b t a i n i n g t h e
c o l l e c t i o n s is more cumbersome and concerns
o b s e r v a t i o n s about t h e p l a n t s and seeds. I t
s h o u l d aim a t u s e f u l n e s s f o r t h e breeder and
t h e c l a s s i f i e r . The RPIP has a l r e a d y p r o v i d e d
a number o f c h a r a c t e r i s t i c s f o r many acces-
s i o n s o f t h e i r c o l l e c t i o n s o n computer o u t -
p r i n t s . At p r e s e n t FAO is 1n t h e course of
t h e p r e p a r a t i o n o f a b a s i c program t o enable
data r e t r i e v a l in t h e TAXIR (TAXonomic I n f o r -
mation R e t r i e v a l ) language which proved to be
s u i t a b l e f o r t h e purpose (Rogers 1974).
C a r e f u l use o f t h e i n v o l v e d t e r m i n o l o g y i s
necessary t o a v o i d e r r o r s made by t h e computer.
The p l a n t breeder as w e l l as t h e t a x o -
nomist may t h u s o b t a i n more e a s i l y s e l e c t e d
i n f o r m a t i o n , a s t h e computer e a s i l y p i c k s o u t
wanted d a t a , and s t o r a g e of d a t a 1s p r o v i d e d .
The base f o r t h e d a t a 1s t h e f i e l d book, k e p t
c a r e f u l l y e v e r y y e a r a c o l l e c t i o n i s grown.
O b v i o u s l y , per crop t h e o b s e r v a t i o n s w i l l
d i f f e r and c l a s s e s w i l l b e a r b i t r a r y . E a s i l y
d i s t i n g u i s h a b l e and measurable c h a r a c t e r i s t i c s
as used by t h e breeders appear to be most
p r a c t i c a l .
MAINTENANCE OF GERMPLASM
The p r e s e r v a t i o n of seeds, t h e b e s t way
germpiasm can be s t o r e d where s h o r t d u r a t i o n
crops a r e concerned, s h o u l d be done 1n such a 
way t h a t renewal of t h e germpiasm s h o u l d be
c a r r i e d o u t as seldom as p o s s i b l e . G e n e t i c
e r o s i o n may o c c u r at every renewal. However,
w i t h C i c e r t h i s is l e s s of a problem t h a n in
Cajanus. Chickpeas a r e s e l f - p o l l i n a t e d ,
pigeonpeas show 3 % to 40% o u t c r o s s i n g ; t h e
c o n t a m i n a t i o n is and has a l r e a d y been enormous,
e s p e c i a l l y i n c o l l e c t i o n s . L a b o r i o u s s e l f i n g ,
r e p o r t e d l y v e r y d i f f i c u l t under Hyderabad
c o n d i t i o n s , i s needed t o a r r i v e a t more
s t a b i l i z e d accessions t h a n a k i n d o f m i n i -
p o p u l a t i o n s . I t is s t i l l under d i s c u s s i o n , as
what e x a c t l y has to be regarded as a germpiasm
l i n e in pigeonpea.
Bulking and Selfing Methods
A l l a r d (1970) suggested b u l k i n g o f mate-
r i a l s i m i l a r in appearance and e n v i r o n m e n t a l
descent i n t o 'race r e s e r v o i r s ' a s a l m o s t
I n e v i t a b l e i n c r o s s - f e r t i l i z e d p l a n t s . Large
b u l k p o p u l a t i o n s r e t a i n enormous s t o r e s o f
v a r i a b i l i t y and few genes a r e c o m p l e t e l y l o s t
d e s p i t e e n v i r o n m e n t a l p r e s s u r e s . C u l t i v a t i o n
o f t h e r e s e r v o i r 1 n d i f f e r e n t e n v i r o n m e n t s ,
s w i t c h i n g o f p l a c e s combined w i t h c o l d s t o r a g e
would reduce f u r t h e r g e n e t i c l o s s . A d i s a d -
vantage 1 s t h a t o p p o r t u n i t y t o d i s c o v e r and
s c r u t i n i z e p r o p e r t i e s o f i n d i v i d u a l l i n e s i s
l o s t , so t h e lumping s h o u l d be postponed as
l o n g as p o s s i b l e . For a c o l l e c t i o n of lima
beans (Phaseolus l u n a t u s ) of more t h a n 2000
i t e m s , a number of 200 were j u d g e d to be
i n t e r e s t i n g enough t o b e m a i n t a i n e d s e p a r a t e l y ,
t h e r e s t was combined i n t o 3 0 p o p u l a t i o n s ,
l a t e r on reduced to 100 Items and 15 p o p u l a -
t i o n s . T h e r e f o r e , a c o m b i n a t i o n o f b u l k i n g
and s e l f i n g , a p p a r e n t l y a n o p p o r t u n e method
f o r p r e s e r v i n g l i m a bean g e n e t i c r e s o u r c e s ,
m i g h t b e v a l i d f o r pigeonpea. B e f o r e l u m p i n g ,
s e v e r a l years o f c a r e f u l s t u d i e s a r e needed.
In pigeonpea, s e l e c t i o n s on seed char-
a c t e r a l r e a d y doubled t h e number o f accessions
and t h e c o l l e c t i o n i n t h e f i e l d shows a l o t o f
v a r i a t i o n w i t h i n t h e row. Formerly t h e seeds
f r o m each row were s i m p l y b u l k e d , so whatever
we have a t hand now w i l l n o t be s i m i l a r t o t h e
o r i g i n a l l y i n t r o d u c e d m a t e r i a l . S e l e c t i o n
w i t h i n t h e rows i s done, o r p l a n t s d i f f e r e n t
f r o m t h e average a r e s e l f e d and tagged
s e p a r a t e l y t o a v o i d c o n f u s i o n .
Longevity
Research o n seed l o n g e v i t y i s s c a r c e ,
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s i n c e i t i n v o l v e s v e r y l o n g - t e r m t r i a l s .
B e n n e t t ( 1 9 7 4 ) , p r o p o s a l of FAO Genetic Re-
sources U n i t suggests i d e a l s t o r a g e f a c i l i t i e s ,
such as -18°C, seed at 5 + 1% m o i s t u r e in
s e a l e d c o n t a i n e r s . Minimum standards a r e
s t o r a g e at 4°C, seed below 8 % m o i s t u r e . Each
a c c e s s i o n s h o u l d have 30 samples of 400 seeds
each, w i t h a r e p l i c a t e c o l l e c t i o n o f 5 samples,
i n l a m i n a t e d f o i l p a ckets o r any r e l i a b l e
m o i s t u r e p r o o f c o n t a i n e r . Regeneration i s
necessary i f 5%-10% l o s s i n g e r m i n a t i o n o c c u r s .
Every f i v e y e a r s a r o u t i n e g e r m i n a t i o n t e s t
s h o u l d be c a r r i e d o u t . When t h e s t o c k f a l l s
below 2000 seeds, renewal s h o u l d be a r r a n g e d .
Storage
C u l t i v a r s d i f f e r i n t h e i r s t o r a g e h a b i t s
under o r d i n a r y c o n d i t i o n s . Under room tem-
p e r a t u r e s , Kabuli chickpeas r e t a i n p r o p e r
g e r m i n a t i o n c a p a c i t y f o r one t o two y e a r s o n l y ,
because o f t h e i r s o f t seed c o a t . Deshi
c h i c k p e a s keep w e l l f o r t h r e e t o f o u r y e a r s .
I n c l o s e d g l a s s j a r s , a f t e r n i n e y e a r s , 90%
was found to g e r m i n a t e . In c o l d s t o r a g e in
Menemen, I z m i r , t h e seeds a r e r o u t i n e l y ren-
o v a t e d a f t e r t e n y e a r s . P r e s e n t l y p l a n s
worked o u t t o b u i l d c o l d s t o r a g e f o r ICRISAT
p r o v i d i n g about 5°C and 40% r e l a t i v e h u m i d i t y
as a minimum. Separate compartments o f f e r
d i f f e r e n t p o s s i b i l i t i e s f o r each c r o p .
EVALUATION
E v a l u a t i o n s t a r t s w i t h m o r p h o l o g i c a l
d e s c r i p t i o n , e l i m i n a t i o n o f d u p l i c a t e s and
e s t a b l i s h i n g o f workable c l a s s i f i c a t i o n sys-
tems. Depending upon t h e c i r c u m s t a n c e s , t h i s
may be a s p e c i a l purpose or a n a t u r a l one. At
ICRISAT now a t l e a s t t h e s i t u a t i o n e x i s t s 1 n
w h i c h a l l major c o l l e c t i o n s o f c h i c k p e a and
pigeonpea a r e j o i n e d , and, a s s t a t e d b e f o r e
(van der Maesen, 1972) it s h o u l d be p o s s i b l e
t o i n i t i a t e work o n p r o p e r i n f r a s p e c i f i c
taxonomy. T h i s cannot be done f o r t h e purpose
of c l a s s i f i c a t i o n a s such, b u t i t has t o
p r o v i d e a t o o l t o t h e users o f t h e germplasm.
Y i e l d is a c o m b i n a t i o n of most of t h e
f a c t o r s mentioned, a l t h o u g h some m o r p h o l o g i c a l
o b s e r v a t i o n s o n l y s e r v e c l a s s i f i c a t i o n pur-
poses. More d e t a i l e d o b s e r v a t i o n s may be
added if u s e f u l . The i m p o r t a n c e of observa-
t i o n s i s d i f f e r e n t f o r v a r i o u s c o n d i t i o n s and
f l o w e r p e r i o d s , and 1 t w i l l n o t b e necessary
t o screen a l l t h e a c c e s s i o n s f o r a l l t h e
f a c t o r s .
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The f o l l o w i n g q u a l i t a t i v e and q u a n t i t a -
t i v e c h a r a c t e r s w i l l have t o be e v a l u a t e d , i n
o r d e r t o f i n d o u t y i e l d p o t e n t i a l s :
1 . Days t o f l o w e r
2. M a t u r i t y group
3. Flower c o l o r
4. P l a n t h e i g h t
5. P l a n t w i d t h
6. Growth h a b i t
7. Number of p r i m a r y branches
8. Number of secondary branches
9. Pod number per p l a n t
10. Pod s i z e
11. Pod c o l o r
12. Number of seeds per pod
13. 100 seed w e i g h t
14. Seed c o l o r
15. Testa s t r u c t u r e
16. Seed f o r m
17. Cotyledon c o l o r
18. Seed y i e l d p e r p l a n t
19. Straw y i e l d p e r p l a n t
20. R e a c t i o n to major p e s t s and diseases
( f l o w e r d u r a t i o n , escape and r e s i s -
t a n c e )
2 1 . P r o t e i n c o n t e n t and amino a c i d p a t t e r n
22. Other b i o c h e m i c a l r e l a t i o n s h i p s
23. T o l e r a n c e t o d r o u g h t , w a t e r l o g g i n g and
a l k a l i n i t y
24. Response t o h i g h f e r t i l i t y and
i r r i g a t i o n
25. P l a n t a r c h i t e c t u r e and l e a f a n g l e , l e a f
s i z e and number
26. S e e d l i n g v i g o r
27. N o d u l a t i o n c a p a c i t y
28. Male s t e r i l i t y
29. C y t o g e n e t i c r e l a t i o n s h i p s
CONCLUSIONS
C o o p e r a t i o n w i t h t h e d i f f e r e n t d i s c i -
p l i n e s w i l l make p o s s i b l e t h e e v a l u a t i o n .
Along w i t h t h e maintenance comes t h e d i s t r i b u -
t i o n o f g e n e t i c m a t e r i a l among t h e i n t e r e s t e d
workers a l l o v e r t h e w o r l d , and i f p o s s i b l e
t h e documentation o f t h e r e s u l t s then o b t a i n e d
elsewhere. A government q u a r a n t i n e s e c t i o n
serves ICRISAT which minimizes l i k e l i h o o d o f
f a t a l m i s t a k e s i n t r a n s p o r t a t i o n o f non-present
p e s t s , e t c .
L u c k i l y t h e remarks o f Westphal (1974) i n
a theorem become i r r e l e v a n t f o r ICRISAT a t
l e a s t . He made t h e s t a t e m e n t on account o f
Hawkes' (1970) paper on taxonomy of c u l t i v a t e d
p l a n t s : The h i s t o r i c a l l y u n d e r s t a n d a b l e
i n c o m p a t i b i l i t y o f moods between p l a n t breed-
e r s and p l a n t t a x o n o m i s t s poses a b a r r i e r f o r
c l o s e c o o p e r a t i o n between t h e i r areas o f
s p e c i a l i z a t i o n i n o r d e r t o improve t h e system-
a t i c s o f c u l t i v a t e d c r o p s .
Therefore, the different 
w i l l
c o o perate n o t f o r b e n e f i t o f system i n i t s e l f ,
b u t f o r improved p r a c t i c a l use and conserva-
tion of the heritage nature gave to us. 
E.E. H a r t w i g :
L.J.G. van der Maesen:
K . J . F r e y :
DISCUSSION
I s i t unnecessary t o e x p l o r e t h e p o s s i b i l i t i e s o f t h e use o f chemi-
c a l s t o c o n t r o l t h e bees t o check the c r o s s - p o l l i n a t i o n i n pigeonpea?
There, i s a complete l a c k o f knowledge about t h e p o l l i n a t i n g bees.
E n t o m o l o g i s t s c o u l d h e l p us. Moreover, t h e r e a r e a few d i f f i c u l t i e s
i n t h i s r e g a r d , l i k e v e r y l o n g f l o w e r i n g p e r i o d spread over s e v e r a l
months e s p e c i a l l y i n l a t e t y p e s . As many as 17 sprays were r e q u i r e d
to c o n t r o l t h e pod b o r e r s in t h e p r e v i o u s season and t h e presence of
many k i n d s of bees on the o t h e r c r o p s .
The im p o r t a n c e o f u t i l i z i n g t h e a v a i l a b l e germplasm f o r quantum jump
i n y i e l d h a r d l y needs t o b e emphasized. F u t u r e c o l l e c t i o n can b e more
p r o f i t a b l e i n t h e areas where e v o l u t i o n a r y changes a r e t a k i n g p l a c e .
L.J.G. van d e r Maesen: I agree t h a t we may make e f f o r t s t o c o l l e c t and u t i l i z e t h e w i l d and





There i s u r g e n t need t o c r e a t e r a c e r e s e r v o i r s o f germplasm c o l l e c -
t i o n s f r o m which one can draw m a t e r i a l f o r u t i l i z a t i o n i n t h e breed-
i n g program.
ALAO has been i n v o l v e d in c o l l e c t i n g legumes i n A f g h a n i s t a n . I t was
a p p r e c i a t e d in A f g h a n i s t a n t h a t t h e Ford Foundation was a non-
governmental agency and t h a t t h e c o l l e c t o r would b e Lebanese r a t h e r
t h a n American.
F u r t h e r c o l l e c t i o n work would r e q u i r e t r a v e l i n t o i s o l a t e d areas.
I t i s i m p o r t a n t t o s e l e c t w i l d s p e c i e s ; and maintenance o f seeds i n
areas o f a d a p t a t i o n i s I m p o r t a n t .
A l l c o l l e c t i o n s s h o u l d b e m a i n t a i n e d a t a t l e a s t two p l a c e s i n t h e
w o r l d and germplasm pools m i g h t be made in a d d i t i o n t o t h i s
c o l l e c t i o n .
I n m y o p i n i o n , t h e m a t e r i a l f o r p h o t o s e n s i t i v i t y can b e e v a l u a t e d i n
h i g h a l t i t u d e areas o f t h e U.S.S.R. and t h e Lahaul V a l l e y i n N o r t h
I n d i a . I t h i n k "germplasm c o l l e c t o r " is a wrong word; some o t h e r
t e r m i n o l o g y may be chosen.
I f e e l t h a t w h i l e e v a l u a t i n g t h e germplasm, t h e m a t e r i a l s h o u l d a l s o
b e e x p l o r e d f o r e x t r a e a r l y s e e d l i n g v i g o r .
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s i n c e i t i n v o l v e s very l o n g - t e r m t r i a l s .
B e n n e t t ( 1 9 7 4 ) , p r o p o s a l o f FAO G e n e t i c Re-
sou rces U n i t s u g g e s t s i d e a l s t o r a g e f a c i l i t i e s ,
such as - 1 8 ° C , seed at 5 ± 1% m o i s t u r e in
s e a l e d c o n t a i n e r s . Minimum s t a n d a r d s a r e
s t o r a g e at 4 ° C , seed be low 8% m o i s t u r e . Each
a c c e s s i o n s h o u l d have 30 samples o f 400 seeds
e a c h , w i t h a r e p l i c a t e c o l l e c t i o n o f 5 samples ,
i n l a m i n a t e d f o i l packe t s o r any r e l i a b l e
m o i s t u r e p r o o f c o n t a i n e r . R e g e n e r a t i o n i s
n e c e s s a r y i f 5%-10% l o s s i n g e r m i n a t i o n o c c u r s .
Eve ry f i v e y e a r s a r o u t i n e g e r m i n a t i o n t e s t
s h o u l d b e c a r r i e d o u t . When t h e s t o c k f a l l s
be low 2000 seeds , renewal s h o u l d be a r r a n g e d .
Storage
C u l t i v a r s d i f f e r i n t h e i r s t o r a g e h a b i t s
under o r d i n a r y c o n d i t i o n s . Under room tem-
p e r a t u r e s , Kabuli c h i c k p e a s r e t a i n p r o p e r
g e r m i n a t i o n c a p a c i t y f o r one t o two y e a r s o n l y ,
because o f t h e i r s o f t seed c o a t . Deshi
c h i c k p e a s keep w e l l f o r t h r e e t o f o u r y e a r s .
I n c l o s e d g l a s s j a r s , a f t e r n i n e y e a r s , 90%
was f o u n d t o g e r m i n a t e . I n c o l d s t o r a g e i n
Menemen, I z m i r , t h e seeds are r o u t i n e l y ren-
o v a t e d a f t e r t e n y e a r s . P r e s e n t l y p l a n s
worked o u t t o b u i l d c o l d s t o r a g e f o r ICRISAT
p r o v i d i n g about 5°C and 40% r e l a t i v e h u m i d i t y
as a minimum. Separate compartments o f f e r
d i f f e r e n t p o s s i b i l i t i e s f o r each c r o p .
EVALUATION
Evaluation s t a r t s w i t h morphological
d e s c r i p t i o n , e l i m i n a t i o n of duplicates and
e s t a b l i s h i n g of workable c l a s s i f i c a t i o n sys-
tems. Depending upon the circumstances, t h i s
may be a special purpose or a natural one. At
ICRISAT now at l e a s t the s i t u a t i o n e x i s t s in
which a l l major c o l l e c t i o n s of chickpea and
pigeonpea are j o i n e d , and, as stated before
(van der Maesen, 1972) it should be possible
to i n i t i a t e work on proper i n f r a s p e c i f i c
taxonomy. This cannot be done f o r the purpose
o f c l a s s i f i c a t i o n a s such, but i t has t o
provide a t o o l to the users of the germplasm.
Y i e l d is a combination of most of the
f a c t o r s mentioned, although some morphological
observations only serve c l a s s i f i c a t i o n pur-
poses. More d e t a i l e d observations may be
added if u s e f u l . The importance of observa-
t i o n s is d i f f e r e n t f o r various conditions and
flower periods, and i t w i l l not b e necessary
t o screen a l l the accessions f o r a l l the
f a c t o r s .
234
The f o l l o w i n g q u a l i t a t i v e and q u a n t i t a -
t i v e c h a r a c t e r s w i l l have t o be e v a l u a t e d , 1n
o r d e r t o f i n d o u t y i e l d p o t e n t i a l s :
1 . Days t o f l o w e r
2. M a t u r i t y group
3. Flower c o l o r
4. P l a n t h e i g h t
5. P l a n t w i d t h
6. Growth h a b i t
7. Number of p r i m a r y branches
8. Number of secondary branches
9. Pod number per p l a n t
10. Pod s i z e
11. Pod c o l o r
12. Number of seeds per pod
13. 100 seed w e i g h t
14. Seed c o l o r
15. Testa s t r u c t u r e
16. Seed f o r m
17. Cotyledon c o l o r
18. Seed y i e l d per p l a n t
19. Straw y i e l d per p l a n t
20. R e a c t i o n to major p e s t s and diseases
( f l o w e r d u r a t i o n , escape and r e s i s -
t a n c e )
2 1 . P r o t e i n c o n t e n t and amino a c i d p a t t e r n
22. Other b i o c h e m i c a l r e l a t i o n s h i p s
23. T o l e r a n c e t o d r o u g h t , w a t e r l o g g i n g and
a l k a l i n i t y
24. Response t o h i g h f e r t i l i t y and
i r r i g a t i o n
25. P l a n t a r c h i t e c t u r e and l e a f a n g l e , l e a f
s i z e and number
26. S e e d l i n g v i g o r
27. M o d u l a t i o n c a p a c i t y
28. Male s t e r i l i t y
29. C y t o g e n e t i c r e l a t i o n s h i p s
CONCLUSIONS
C o o p e r a t i o n w i t h t h e d i f f e r e n t d i s c i -
p l i n e s w i l l make p o s s i b l e t h e e v a l u a t i o n .
Along w i t h t h e maintenance comes the d i s t r i b u -
t i o n o f g e n e t i c m a t e r i a l among t h e i n t e r e s t e d
workers a l l o v e r t h e w o r l d , and i f p o s s i b l e
t h e documentation o f t h e r e s u l t s then o b t a i n e d
elsewhere. A government q u a r a n t i n e s e c t i o n
serves ICRISAT which minimizes l i k e l i h o o d o f
f a t a l m i s t a k e s i n t r a n s p o r t a t i o n o f non-present
p e s t s , e t c .
L u c k i l y t h e remarks o f Westphal (1974) i n
a theorem become i r r e l e v a n t f o r ICRISAT a t
l e a s t . He made t h e sta t e m e n t on account o f
Hawkes' (1970) paper on taxonomy of c u l t i v a t e d
p l a n t s : The h i s t o r i c a l l y u n d e r s t a n d a b l e
i n c o m p a t i b i l i t y o f moods between p l a n t breed-
e r s and p l a n t t a x o n o m i s t s poses a b a r r i e r f o r
c l o s e c o o p e r a t i o n between t h e i r areas o f
s p e c i a l i z a t i o n i n o r d e r t o improve t h e system-
a t i c s o f c u l t i v a t e d c r o p s .
T h e r e f o r e , t h e d i f f e r e n t d i s c i p l i n e s w i l l
c o operate n o t f o r b e n e f i t o f system i n i t s e l f ,
b u t f o r improved p r a c t i c a l use and conserva-
t i o n o f t h e h e r i t a g e n a t u r e gave t o us.
E.E. H a r t w i g :
L.J.G. van der Maesen:
K . J . F r e y :
DISCUSSION
I s i t unnecessary t o e x p l o r e t h e p o s s i b i l i t i e s o f t h e use o f chemi-
c a l s t o c o n t r o l t h e bees t o check the c r o s s - p o l l i n a t i o n i n pigeonpea?
There, is a complete l a c k of knowledge about t h e p o l l i n a t i n g bees.
E n t o m o l o g i s t s c o u l d h e l p us. Moreover, t h e r e a r e a few d i f f i c u l t i e s
i n t h i s r e g a r d , like very l o n g f l o w e r i n g p e r i o d spread 'over s e v e r a l
months e s p e c i a l l y in l a t e t y p e s . As many as 17 sprays were r e q u i r e d
to c o n t r o l t h e pod b o r e r s in t h e p r e v i o u s season and t h e presence of
many k i n d s of bees on t h e o t h e r crops.
The im p o r t a n c e o f u t i l i z i n g t h e a v a i l a b l e germplasm f o r quantum jump
i n y i e l d h a r d l y needs t o b e emphasized. F u t u r e c o l l e c t i o n can b e more
p r o f i t a b l e i n t h e areas where e v o l u t i o n a r y changes a r e t a k i n g p l a c e .
L.J.G. van der Maesen: I agree t h a t we may make e f f o r t s t o c o l l e c t and u t i l i z e t h e w i l d and





There i s u r g e n t need t o c r e a t e race r e s e r v o i r s o f germplasm c o l l e c -
t i o n s f r o m which one can draw m a t e r i a l f o r u t i l i z a t i o n i n t h e breed-
i n g program.
ALAD has been i n v o l v e d i n c o l l e c t i n g legumes in A f g h a n i s t a n . it was
a p p r e c i a t e d in A f g h a n i s t a n t h a t t h e Ford Foundation was a non-
governmental agency and t h a t t h e c o l l e c t o r would be Lebanese r a t h e r
t h a n American.
F u r t h e r c o l l e c t i o n work would r e q u i r e t r a v e l i n t o i s o l a t e d areas.
I t i s i m p o r t a n t t o s e l e c t w i l d s p e c i e s ; and maintenance o f seeds i n
areas o f a d a p t a t i o n i s i m p o r t a n t .
A l l c o l l e c t i o n s s h o u l d b e m a i n t a i n e d a t a t l e a s t two p l a c e s i n t h e
w o r l d and germplasm pools m i g h t be made in a d d i t i o n t o t h i s
c o l l e c t i o n .
I n m y o p i n i o n , t h e m a t e r i a l f o r p h o t o s e n s i t i v i t y can b e e v a l u a t e d i n
h i g h a l t i t u d e areas o f t h e U.S.S.R. and t h e Lahaul V a l l e y i n N o r t h
I n d i a . I t h i n k "germplasm c o l l e c t o r " is a wrong word; some o t h e r
t e r m i n o l o g y may be chosen.
I f e e l t h a t w h i l e e v a l u a t i n g t h e germplasm, t h e m a t e r i a l s h o u l d a l s o
b e e x p l o r e d f o r e x t r a e a r l y s e e d l i n g v i g o r .
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K.O. R a c h i e :
T . Bezuneh :
The re a r e c e r t a i n p h y s i c a l p rob lems i n c o l l e c t i n g t h e germp iasm. Bu t
1 n m y o p i n i o n t h e e v a l u a t i o n and u t i l i z a t i o n o f germpiasm a r e s t i l l
u n r e s o l v e d p r o b l e m s , w h i c h s h o u l d r e c e i v e t o p p r i o r i t y .
I p r e f e r t h a t t h e g r o u p i n g o f germpiasm a c c o r d i n g t o n a t i o n s o r t o
r e g i o n s w o u l d b e u s e d . The e v a l u a t i o n o f t h e e n t i r e germpiasm may
b e done a t l e a s t a t two s i t e s .
A p p e n d i x 1 .
C o u n t r y
I n d i a
I r a n
T u r k e y
E t h i o p i a
U .S .A .
S p a i n
P a k i s t a n
E g y p t
Morocco
U . S . S . R .
T u n i s i a
I s r a e l
A f g h a n i s t a n




I r a q
A l g e r i a
S y r i a
I t a l y
Greece
Sudan
N i g e r i a
Burma
P o r t u g a l
Hungary
B u l g a r i a
Y u g o s l a v i a
Germany
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T o t a l
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Appendix I I . Pigeonpea Germpiasm C o l l e c t i o n a t
I C R I S A T (December 1974)
(excluding subaccessions)
C o u n t r y o f o r i g i n
I n d i a
Andhra Pradesh
U t t a r Pradesh
Madhya Pradesh
B i h a r
M a h a r a s h t r a
T a m i l Nadu
Ka rna taka
West B e n g a l .
D e l h i
O r i s s a
G u j a r a t
R a j a s t h a n
O t h e r s ( S t a t e o f
o r i g i n n o t known)
P u e r t o R i c o
Sr1 Lanka
Surma
T r i n i d a d
Jama ica
N i g e r i a
Bang ladesh
B r a z i l
B r i t i s h Guyana
A u s t r a l 1a
U.S.A .
T h a i l a n d
Number o f e n t r i e s
3486
(1124 )
( 8 0 8 )
( 3 2 9 )
190
168)
( 1 5 6 )
( 1 3 9 )
( 6 7 )
67 )
( 3 9 )
(7)(4)
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With t h e i n t r o d u c t i o n and spread o f h i g h
y i e l d i n g v a r i e t i e s i n some c r o p s , s e v e r a l
genotypes o f s e m i w i l d and p r i m i t i v e chickpea
c u l t i v a r s o f a c t u a l o r p o t e n t i a l use are
becoming e x t i n c t . T h e r e f o r e i n t h e U M s e c t i o n
o f I n t e r n a t i o n a l B i o l o g i c a l Program, emphasis
has been made on c o n s e r v a t i o n and u t i l i z a t i o n
of these g e n e t i c resources u s e f u l to man. The
n a t u r e o f t h e i r a d a p t a t i o n , which i s a major
component of p r o d u c t i v i t y as s t a t e d by Frankel
and Bennett (1970) i s t h e b a s i s f o r a n a l y s i s .
While some o f them can o n l y g i v e h i g h y i e l d i n
s p e c i f i c environments, o t h e r s are a b l e t o
p e r f o r m w e l l i n d i f f e r e n t s i t u a t i o n s . The
p r o j e c t o n b i o l o g y o f a d a p t a t i o n i s designed
t o o b t a i n fundamental s c i e n t i f i c i n f o r m a t i o n
about t h e processes concerned in such adapta-
t i o n . The e v a l u a t i o n o f t h e s e p l a n t resources
t o improve a d a p t a b i l i t y and p r o d u c t i v i t y o f
these genotypes and f o r t h e i n c o r p o r a t i o n o f
t h i s c a p a c i t y o f wide a d a p t a t i o n i n t o h i g h
y i e l d i n g genotypes i s t h e b a s i s o f these
s t u d i e s .
C i c e r has been chosen as a r e p r e s e n t a t i v e
o f t h e g r a i n legumes b y t h e w o r k i n g group o f
SCIBP s i n c e i t i s a p l a n t o f economic impor-
tance and a major source o f p r o t e i n i n many
d e v e l o p i n g c o u n t r i e s . I t has shown a wide
range o f a d a p t a t i o n w i t h l i t t l e human s e l e c -
t i o n , and i s t h e r e f o r e e m i n e n t l y s u i t e d f o r
examining t h e process i n f l u e n c i n g a d a p t a t i o n .
The P r o t e i n A d v i s o r y Group (1972) has
emphasized t h a t p r i o r i t y i n legume b r e e d i n g
s h a l l b e ( a ) improvement o f p r o d u c t i v i t y b y
h i g h e r y i e l d and a d a p t a b i l i t y and y i e l d s t a b i l -
i t y a l o n g w i t h n u t r i t i o n a l b a l a n c e , (b) funda-
mental s t u d i e s o n t h e presence o f u n d e s i r a b l e
l i n k a g e s and p h y s i o l o g i c a l a s s o c i a t i o n s and
modes of overcoming them and ( c ) study of
growth and development processes f o r i d e n -
t i f y i n g e f f i c i e n t genotypes i n terms o f p l a n t
a r c h i t e c t u r e , response t o s t r e s s and i n h e r e n t
p h o t o s y n t h e t i c a n o r e s p i r a t i o n a l e f f i c i e n c i e s .
For such s t u d i e s , t h e a n a l y s i s o f t h e
c u l t i v a r s i n terms o f t h e i r a d a p t a t i o n , p a r t i c -
u l a r l y f o r y i e l d , m a t u r i t y , and p r o t e i n
s t a b i l i t y , w i l l p e r m i t i d e n t i f i c a t i o n o f a 
d i v e r s i t y o f g e n e t i c mechanisms t h a t a r e
i n v o l v e d , s i n c e n a t u r a l s e l e c t i o n may have
f i x e d d i f f e r e n t c o n s t e l l a t i o n s o f genes i n
d i f f e r e n t environments.
The p r e s e n t s t u d i e s c o n s i s t of such an
a n a l y s i s o f t h e i n t e r a c t i o n o f a w o r l d c o l l e c -
t i o n o f genotypes w i t h e n v i r o n m e n t , and a n a l -
y s i s o f p r o d u c t i v i t y and a d a p t a b i l i t y i n
g e n e t i c terms c a r r i e d o u t d u r i n g t h e p a s t f i v e
years i n c o o p e r a t i o n w i t h o t h e r c o u n t r i e s
p r o d u c i n g chickpea.
MATERIALS AND METHODS
The major areas o f c u l t i v a t i o n o f c h i c k -
pea are Spain, P o r t u g a l and I t a l y i n Europe,
Mexico i n the Western Hemisphere; I n d i a , I r a n ,
P a k i s t a n , Burma, Turkey and S y r i a i n A s i a ;
Morocco and E t h i o p i a in A f r i c a . The Near and
the Far East account f o r over 85% o f t h e t o t a l
w o r l d area and a n equal p r o p o r t i o n o f t o t a l
p r o d u c t i o n of 12 m t o n s . These a r e a l s o t h e
areas o f ver y l i m i t e d human s e l e c t i o n w i t h a 
v a r i e t y o f e n v i r o n m e n t a l c o n d i t i o n s i n c l u d i n g
season and s o i l t y p e . A m a j o r i t y of these
landraces have h i g h l o c a l a d a p t a t i o n even
w i t h i n t h e same c o u n t r y , a c c e n t u a t e d by na t u r a l
s e l e c t i o n f o r r e s i s t a n c e a g a i n s t drought and
Ascochyta and Fusarium. Local consumer p r e f -
erence f o r appearance, p a r t i c u l a r l y f o r seed
s i z e and c o l o r , seed f i l l i n g , and easy separa-
t i o n o f seed c o a t i s a l s o a f a c t o r .
I n t h e f i r s t phase o f t h e program, a 
c o l l e c t i o n o f 250 l o c a l l y adapted c u l t i v a r s
i n c l u d e d w h i t i s h y e l l o w , brown and b l a c k
seeded types was made by t h e a u t h o r in 1969
from I r a n , Turkey, S y r i a , Jordan, Lebanon,
Greece, I t a l y , Spain, Cyprus, Morocco, N i g e r i a ,
U.A.R., Ghana and East A f r i c a t o augment a 
1
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s i m i l a r c o l l e c t i o n i n I n d i a . T h i s c o l l e c t i o n
was e v a l u a t e d i n I n d i a a f t e r 1970.
A t o t a l of 27 c h a r a c t e r s were f o u n d :
s p r e a d i n g h a b i t , v e g e t a t i v e g r o w t h , days t o
5 0 p e r c e n t f l o w e r i n g , f l o w e r c o l o r , c h l o r o p h y l l
d e p t h , l e a f s i z e , l e a f l e t s i z e , r e p r o d u c t i v e
g r o w t h , f l o w e r s h e d d i n g , w i l t r e s i s t a n c e ,
v i s u a l s c o r e o f p r o d u c t i v i t y , l e a f d r y i n g ,
l e n g t h of p r i m a r y b r a n c h , spread 1n cm, number
o f p r i m a r y branches, number o f secondary
b ranches, seeds per t e n pods, pods per sec-
ondary b r a n c h , number of pods per p l a n t , pod
s i z e , days t o m a t u r i t y and y i e l d per meter,
e t c . These were s c o r e d w i t h emphasis on
developmental t r a i t s i n a d d i t i o n t o seed and
agronomic c h a r a c t e r s . The r e l a t i v e d i s t r i b u -
t i o n o f l i n e s r e s i s t a n t t o Ascochyta, a major
d i s e a s e o f t h i s c r o p , was a l s o examined. The
a s s o c i a t i o n o f seed c o l o r and seed s i z e w i t h
r e s i s t a n c e t o t h i s d i s e a s e was a l s o a n a l y z e d .
I n t h e second phase, t h e s e c o l l e c t i o n s
a l o n g w i t h a d d i t i o n a l I n d i a n and e x o t i c l i n e s ,
were f u r t h e r e v a l u a t e d d u r i n g t h e October t o
March season in t h e y e a r s 1971 to 1974. A 
t o t a l o f 459 e n t r i e s were r a i s e d a t t h e I n d i a n
A g r i c u l t u r a l Research I n s t i t u t e , New D e l h i , i n
an augmented randomized complete b l o c k d e s i g n
u s i n g t e n I n d i a n v a r i e t i e s f r o m d i f f e r e n t
p a r t s as checks. The p l o t s i z e was two rows
of t h r e e meter l e n g t h . The s p a c i n g was k e p t
at 75 cm between rows and 15 cm w i t h i n rows.
V i s u a l scores r a n g i n g f r o m one t o t e n
were g i v e n o n p l o t b a s i s f o r most o f t h e c h a r -
a c t e r s r e l a t e d t o development, v e g e t a t i v e
g r o w t h , p r o d u c t i v i t y and d i s e a s e r e s i s t a n c e .
Except f o r w i l t r e s i s t a n c e , where l o w e r scores
were g i v e n to c u l t u r e s showing a h i g h degree
of r e s i s t a n c e , a h i g h e r score was c o n s i d e r e d
d e s i r a b l e .
Regression a n a l y s i s of G x E i n t e r a c t i o n
was c a r r i e d o u t u s i n g t h e methodology o f
E b e r h a r t and R u s s e l l ( 1 9 6 6 ) . F a c t o r a n a l y s i s
was done u s i n g t h e C e n t r o l d Method of H o l z i n g e r
and Harman (1941) and D 2 - a n a l y s i s a f t e r t r a n s -
f o r m a t i o n t o u n c o r r e l a t e d v a r i a b l e , a s d e -
s c r i b e d by Rao (1952, 1972). Genotype-
e n v i r o n m e n t a l i n t e r a c t i o n s were a l s o examined
b y t h e t e c h n i q u e o f P e r k i n s and J i n k s ( 1 9 6 8 ) .
A l a r g e r w o r l d c o l l e c t i o n o f 5474 accessions
c o n s i s t i n g m o s t l y o f advanced c u l t i v a r s was
a l s o a n a l y z e d u s i n g m u l t i v a r i a t e a n a l y s i s .
One hundred r e p r e s e n t a t i v e s of t h e above
c o l l e c t i o n o f p r i m i t i v e c u l t i v a r s f r o m d i f f e r -
e n t g e o g r a p h i c a l areas were grown in an
i n t e r n a t i o n a l t r i a l o f b i o l o g y o f a d a p t a t i o n .
The t r i a l was conducted f r o m 1971 t o 1974 i n
seven c o u n t r i e s , I n d i a , Turkey, Morocco,
Greece, E t h i o p i a , Spain and Mexico, in a 
randomized complete b l o c k d e s i g n w i t h t h r e e
r e p l i c a t i o n s . A n a d d i t i o n a l s e t a l o n g w i t h
new c o l l e c t i o n s (580 c o l l e c t i o n s i n a l l ) was




The performance o f e n t r i e s e x h i b i t e d
c o n s i d e r a b l e range o f v a r i a b i l i t y w i t h i n and
among c o u n t r i e s f o r 22 of t h e 27 c h a r a c t e r s
examined. From a p r e l i m i n a r y assessment of
v a r i a t i o n and o t h e r i n f o r m a t i o n o n t h e e c o l o g -
i c a l c o n d i t i o n s o f t h e i r c u l t i v a t i o n , t h e
major f a c t o r s o f l o c a l a d a p t a t i o n appear t o b e
g r a i n s i z e , r e s i s t a n c e t o Ascochyta, w i l t ,
d r o u g h t and f r o s t .
The maximum s p r e a d i n g h a b i t was found in
c u l t u r e s f r o m t h e South Asian r e g i o n and f r o m
I r a n and I s r a e l . The M e d i t e r r a n e a n m a t e r i a l
was v i g o r o u s b u t narrow i n v a r i a t i o n f o r
m a t u r i t y , b u t i t was c o n s i d e r a b l y e a r l y .
The v a r i a t i o n f o r c h l o r o p h y l l d e p t h ,
f l o w e r shedding and l e n g t h o f r e p r o d u c t i v e
p e r i o d , seeds per pod and pods per branch was
narrow ( T a b l e 1, 2 and 2 a ) . The v a r i e t i e s
f r o m J o r d a n , Morocco and Cyprus had l a r g e r
leaves and l e a f l e t l e n g t h . C o n s i d e r a b l e amount
o f v a r i a t i o n was observed w i t h i n and among
d i f f e r e n t geographic r e g i o n s f o r l e a f and l e a f -
l e t s i z e , number o f p r i m a r y and secondary
branches, growth h a b i t and r e s i s t a n c e t o w i l t .
A c o n s i d e r a b l e range of v a r i a t i o n was r e c o r d e d
w i t h i n each g e o g r a p h i c r e g i o n . A h i g h degree
of r e s i s t a n c e was shown by c u l t u r e s f r o m
U.A.R. and American l i n e s o f Spanish o r i g i n .
The o v e r a l l comparison o f mean performance
o f c o l l e c t i o n s f r o m d i f f e r e n t geographic r e -
g i o n s , among themselves and w i t h t h o s e o f t e n
checks, r e v e a l e d t h a t t h e e n t r i e s f r o m I r a n ,
I n d i a , P a k i s t a n , Cyprus, S p a i n , U.S.A. and
I s r a e l were s u p e r i o r i n t h e i r p r o d u c t i v i t y ,
pod number, pod s i z e and e a r l i n e s s w i t h a 
moderate degree o f r e s i s t a n c e t o w i l t . D i f f e r
ences between t h e c o l l e c t i o n o f p r i m i t i v e
c u l t i v a r s and t h e l a r g e r w o r l d c o l l e c t i o n were
observed 1n t h e means and ranges o f v a r i a t i o n
f o r days t o f l o w e r , g r o w t h h a b i t , seed s i z e




Table 2a. Range of Variation of Means of a World Collection of 5474 Accessions of Chickpea*
C h a r a c t e r
P l a n t Type
Days to F l owe r
Days to




F l o w e r s / P l a n t
P o d s / P l a n t
Disease Score
South A s i a
(1619)
5 . 4 - 6 . 3
( 5 . 9 )
100-113
( 1 0 6 . 2 )
176-179
( 1 7 7 . 6 )
13-15
( 1 3 . 8 )
1 1 . 8 - 1 7 . 4
( 1 4 . 7 )
183-452
( 2 9 7 . 8 )
163-404
( 2 6 3 . 3 )
3 . 8 - 9 . 0
( 6 . 0 )
Near East & 
Caucasian
(3765)
4 . 5 - 6 . 3
( 5 . 6 )
104-128
( 1 1 4 . 3 )
175-181
( 1 7 8 . 7 )
13-14
( 1 3 . 7 )
1 1 . 7 - 1 8 . 1
( 1 5 . 4 )
242-300
( 2 7 0 . 8 )
214-265
( 2 3 9 . 4 )
3 . 0 - 9 . 0
( 6 . 2 )
M e d i t e r r a n e a n
( 3 6 )
4 . 5 - 6 . 0
( 5 . 0 )
101-110
( 1 0 6 . 5 )
175-187
( 1 7 8 . 7 )
11-17
( 1 4 . 4 )
1 2 . 0 - 1 9 . 6
( 1 5 . 5 )
159-379
( 2 6 8 . 9 )
133-368
( 2 5 0 . 4 )
4 . 5 - 6 . 6
( 5 . 8 )
O t h e r A f r i c a n
( 8 )
3 . 3 - 7 . 2
( 5 . 6 )
91-113
( 1 0 3 . 3 )
179-186
( 1 8 1 . 3 )
11-14
( 1 2 . 5 )
1 2 . 5 - 2 7 . 8
( 1 6 . 9 )
194-310
( 2 6 7 . 9 )
173-290
( 2 3 2 . 8 )
6 . 0 - 9 . 0
( 8 . 4 )
USA & Mexico
( 1 9 )
5 . 7 - 6 . 0
( 5 . 9 )
104-107




( 1 5 . 5 )
1 2 . 9 - 1 7 . 7
( 1 5 . 3 )
255-421
( 3 3 7 . 9 )
218-383
( 3 0 0 . 6 )
7 . 2 - 8 . 1
( 7 . 5 )
* The d a t a f o r 2 7 acces s ions o f unknown o r i g i n i s n o t i n c l u d e d .




From t h e i n t e r r e l a t i o n s h i p s among v a r i o u s
c h a r a c t e r s r e l a t e d t o wide a d a p t a t i o n , i t was
found t h a t p r o d u c t i v i t y does n o t appear t o b e
d i r e c t l y r e l a t e d t o w i l t r e s i s t a n c e . W i l t
r e s i s t a n t t y p e s were f o u n d i n medium and low
y i e l d i n g groups. P r o d u c t i v i t y was n o t r e l a t e d
t o m a t u r i t y o r t h e p e r i o d o f v e g e t a t i v e growth.
I t was found t h a t b e t t e r y i e l d i n g groups had
l ower f l o w e r shedding. P r o d u c t i v i t y was
r e l a t e d t o depth o f c h l o r o p h y l l and s e m i e r e c t
h a b i t , l a r g e r l e a f s i z e and t h e number o f
secondary branches. I t was a l s o r e l a t e d t o
pod s i z e 1n t h e medium and h i g h y i e l d i n g
groups.
When t h e amount o f v a r i a b i l i t y and mean
performance over o t h e r environments was compared
among d i f f e r e n t geographic r e g i o n s , c u l t u r e s
b e l o n g i n g t o South A s i a and t h e M e d i t e r r a n e a n
and Caucasian r e g i o n s were b e t t e r t h a n o t h e r s .
The v a r i e t i e s which r e c e i v e d a h i g h score f o r
p r o d u c t i v i t y were f r o m I r a n , I n d i a , P a k i s t a n ,
Cyprus, S p a i n , U.S.A. and I s r a e l . The
c h a r a c t e r s r e l a t e d t o wide a d a p t a t i o n were
c h l o r o p h y l l d e p t h , l e a f and l e a f l e t s i z e , pod





The c o l l e c t i o n s e x h i b i t e d c o n s i d e r a b l e
range o f v a r i a b i l i t y w i t h i n and among c o u n t r i e s
f o r most o f t h e c h a r a c t e r s examined. The
p a t t e r n o f t h e v a r i a t i o n i n t h e s e m i p r i m i t i v e
t y p e s i s l i k e l y t o b e d i f f e r e n t f r o m t h a t i n
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t h e advanced c u l t i v a r s and is t h e r e f o r e sum-
ma r i z e d below. The h i g h e s t degrees o f v a r i a -
t i o n f o r s p r e a d i n g h a b i t which i s a s s o c i a t e d
w i t h s u s c e p t i b i l i t y t o s o i l borne diseases
was f o u n d 1n c u l t u r e s b e l o n g i n g to t h e South
A s i a n r e g i o n and f r o m I r a n and I s r a e l i n t h e
Near East Region. V a r i e t i e s f r o m I r a n , I n d i a ,
P a k i s t a n , U.S.A., Spain and I s r a e l were found
to have a l a r g e number of p r i m a r y and second-
a r y branches. E n t r i e s f r o m I r a n , I n d i a ,
U.S.A., S p a i n , P a k i s t a n , I s r a e l and U.A.R. had
more pods per p l a n t .
V a r i a t i o n f o r f l o w e r i n g t i m e was 6 1 t o
118 days ( T a b l e 1 ) . Many o f t h e v a r i e t i e s
f r o m I r a n , I n d i a and P a k i s t a n and two f r o m
E t h i o p i a were e a r l y (85 d a y s ) . Most o f t h e
v a r i e t i e s f r o m U.S.S.R., Sp a i n , S y r i a and
L i b y a were l a t e i n f l o w e r i n g a s w e l l a s i n
m a t u r i t y .
C o n s i d e r a b l e range o f v a r i a b i l i t y was
n o t e d f o r d i s e a s e r e s i s t a n c e , a l t h o u g h o n l y a 
few l i n e s were h i g h l y r e s i s t a n t t o Ascochyta.
The maximum v a r i a t i o n f o r disease r e s i s t a n c e
was not e d among l i n e s f r o m J o r d a n , Cyprus,
S p a i n , E t h i o p i a , S y r i a and L i b y a . The v a r i -
e t i e s which showed a h i g h degree o f r e s i s t a n c e
a l o n g w i t h a reasonable l e v e l o f a d a p t a t i o n
were: P.620, 827, 1819, 3459, 4081, 4087, 4088,
4089, 4117, 5030, IBP-58 and 66 P. 1528, 1137,
EC.26414 and EC.26435.
The e n t r i e s f r o m c o u n t r i e s b e l o n g i n g t o
t h e Near E a s t , M e d i t e r r a n e a n and A f r i c a n h i g h -
l a n d s w e r e marked f o r t h e i r low p r o d u c t i v i t y
m a i n l y b i c a u s e o f t h e i r h i g h s u s c e p t i b i l i t y t o
A s c o c h y t a , poor pod s e t t i n g and pod f i l l i n g .
The d i s t r i b u t i o n o f f a v o r a b l e and u n f a v o r a b l e
a l l e l e s f o r pod number and seed number were o f
equal magnitude i n c o l l e c t i o n s f r o m d i f f e r e n t
c o u n t r i e s .
The r e l a t i v e s t a b i l i t y o f performance o f
v a r i e t i e s f r o m I r a n , U.S.S.R., I n d i a , P a k i s t a n
and Burma was b e t t e r t h a n f r o m o t h e r c o u n t r i e s .
The v a r i e t i e s f r o m Rumania, U.A.R., Morocco,
Cyprus, Lebanon, S p a i n , E t h i o p i a , appeared t o
b e h i g h l y l o c a l l y adapted.
From t h e r e g i o n a l means and ranges of
v a r i a t i o n f o r t h e c h a r a c t e r s mentioned e a r l i e r
t h e I r a n i a n m a t e r i a l appeared t o b e a c o l l e c -
t i o n assembled f r o m s e v e r a l o t h e r c o u n t r i e s
and cannot b e c o n s i d e r e d a s o f l o c a l o r i g i n .
The T u r k i s h and Moroccan accessions w i t h good
seed s i z e were a l s o t h e b e s t sources o f d i s -
ease r e s i s t a n c e , a major f a c t o r l i m i t i n g




While f l o w e r i n g t i m e i s i m p o r t a n t f o r
l o c a l a d a p t a t i o n , t h e r e i s f l e x i b i l i t y i n t h i s
m a t e r i a l i n i t s response t o e n v i r o n m e n t . Even
w i t h i n t h e range o f f l o w e r i n g ( 6 1 t o 118 days)
t h e r e was a wide range of g e n o t y p i c response
over environments. The l i n e s w i t h good y i e l d
p o t e n t i a l (400 gms/meter) were spread over t h e
e n t i r e range o f v a r i a t i o n f o r f l o w e r i n g t i m e
e x c e p t i n extreme l a t e t y p e s which d i d n o t s e t
seed a t a l l . The p r o p o r t i o n o f t h e l i n e a r
component o f i n t e r a c t i o n was n o t r e l a t e d t o
t h e mean o r s i z e o f r e g r e s s i o n c o e f f i c i e n t f o r
y i e l d ( T a b l e 2 b ) .
Mean y i e l d and s t a b i l i t y f o r y i e l d d i d
n o t appear t o b e r e l a t e d t o f l o w e r i n g t i m e .
From t h e o t h e r data a v a i l a b l e , i t was n o t
r e l a t e d t o e i t h e r t h e c o r r e s p o n d i n g means and
r e g r e s s i o n c o e f f i c i e n t s f o r growth h a b i t , l e a f
and l e a f l e t s i z e , p l a n t s p r e a d , number o f
branches and seed number per pod, b u t appeared
t o b e r e l a t e d t o e a r l y v i g o r , c h l o r o p h y l l
d e p t h , moderate r e s i s t a n c e t o w i l t , slow
senescence, and small to i n t e r m e d i a t e seed
s i z e .
Comparative Variation
in the International Trial
Among t h e t r i a l s conducted w i t h t h e same
m a t e r i a l i n seven c o u n t r i e s , complete data a r e
a v a i l a b l e f r o m f o u r c o u n t r i e s f o r 1 4 charac-
t e r s ( T a b l e 1 ) . There i s c o n s i d e r a b l e change
b o t h 1n means and t h e ranges of t h e same
e n t r i e s f o r d i f f e r e n t c h a r a c t e r s o v e r t h e
e n v i r o n m e n t s . I t i s p a r t i c u l a r l y n o t i c e a b l e
f o r h e i g h t , number o f p r i m a r y branches, days
t o f l o w e r and m a t u r i t y , seed size.and y i e l d
per p l a n t . I t was t h e l e a s t f o r w i l t , p o d
s i z e , l e a f d r y i n g and h a b i t . T h i s can b e c o m -
pared w i t h t h e performance o f dlfferent g e o -
g r a p h i c a l groups i n a common environment
( T a b l e 2 ) which i n d i c a t e s t h a t d i f f e r e n t con-
s t e l l a t i o n s o f genes have been f i x e d over l o n g
p e r i o d s o f l o c a l s e l e c t i o n i n d i f f e r e n t e n v i -
ronments, a l t h o u g h t h e v a r i a t i o n w i t h i n each
g e o g r a p h i c a l group i s c o n s i d e r a b l y l i m i t e d b y
i n t e n s e l o c a l a d a p t a t i o n .
O n t h e o t h e r hand, t h e v a r i a b i l i t y i n t h e
Trans-Caucasian r e g i o n p a r t i c u l a r l y Turkey,
U.S.S.R. and Rumania i s q u i t e d i v e r s e compared
t o t h a t o f a d j a c e n t I r a n . Even i n t h e
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Table 2b. Pooled Regression Analysis of Days to Flower and Yield/meter during 1969-1972
Checks
O t h e r e n t r i e s







0 . 6 5 -
1.35
0 . 3 3 -
1.77
02
3 . 1 -
8 2 . 2
1 . 6 -
592 .4







- 0 . 0 9 t o 9 2 -
2 . 4 8 75348
- 0 . 1 1 t o 3 4 -
2 . 2 1 | 160056
M e d i t e r r a n e a n m a t e r i a l , wh i ch i s p r e d o m i n a n t l y
s e l e c t e d f o r l a r g e y e l l o w s e e d s , t h e Span ish
m a t e r i a l i s d i s t i n c t l y d i f f e r e n t t han t h a t
f r o m Morocco and T u r k e y , p a r t i c u l a r l y f o r l e a f
and l e a f l e t s i z e , l e a f d r y i n g , pods p e r p l a n t ,
seed w e 4 g h t , y i e l d and s u s c e p t i b i l i t y t o
A s c o c h y t a . Data a v a i l a b l e o n o t h e r c h a r a c t e r -
i s t i c s b u t n o t p r e s e n t e d i n t h i s p a p e r , i n d i -
c a t e t h a t t h e b l a c k seed c o a t a s s o c i a t e d w i t h
w i l t r e s i s t a n c e i s due t o s u r f a c e c o l o r wh i ch
1s w a t e r s o l u b l e . These b l a c k seeded r e s i s -
t a n t t y p e s a r e i n v a r i a b l y sma l l s i z e d i n I r a n ,
Turkey and a d j o i n i n g U .S .S .R . ( 1 1 gms/100
seeds) w h i l e t h e Moroccan m a t e r i a l i s v e r y
l a r g e ( 2 4 - 4 3 gms) .
T h u s , r e s i s t a n c e to Ascochy ta may n o t be
r e l a t e d t o seed s i z e o r even m a t u r i t y , and any
a s s o c i a t i o n between t h e s e c h a r a c t e r s may be
due t o f i x a t i o n o f some gene c o m b i n a t i o n s
r a t h e r t h a n s t r o n g l i n k a g e . The p e r i o d b e -
tween f l o w e r i n g t i m e and m a t u r i t y has shown
c o n s i d e r a b l e v a r i a t i o n even i n a d j a c e n t r e g i o n s
such as Morocco and Spa in and in s i m i l a r
h i g h l a n d r e g i o n s o f E t h i o p i a and Mexico ( T a b l e
2 ) . Y i e l d and seed s i z e a r e n o t a d v e r s e l y
r e l a t e d i n a comparab le m a t u r i t y p e r i o d o f
175-190 days among l i n e s m o d e r a t e l y r e s i s t a n t
t o A s c o c h y t a . T h e i r y i e l d v a r i e d f r o m 5 t o
20 g /ha w i t h 100-seed w e i g h t r a n g i n g f r om 11
t o 43 gms.
Association Between Yield
and Other Characters
I t i s p a r t i c u l a r l y r e l e v a n t t o summarize
g e n e t i c a s s o c i a t i o n between c h a r a c t e r s i n
s u f f i c i e n t l y l a r g e m a t e r i a l s u b j e c t t o human
g e n e t i c s e l e c t i o n 1 n t h e l i g h t o f t h e p r e c e d -
i n g p a r a g r a p h s . Four m a j o r g e o g r a p h i c a l
g roups r e p r e s e n t i n g d i f f e r e n t e c o l o g i c a l r e -
g i o n s have been examined s e p a r a t e l y and c o l -
e c t i v e l y f o r c o r r e l a t i o n o f y i e l d w i t h o t h e r
c h a r a c t e r s a s s o c i a t e d w i t h human and l o c a l
a d a p t a t i o n ( T a b l e 3 ) . Both p h e n o t y p i c and
g e n e t i c c o r r e l a t i o n s a r e p a r a l l e l 1 n t h i s
s t u d y . The o v e r a l l a s s o c i a t i o n i s d i f f e r e n t
f r o m t h e a s s o c i a t i o n w i t h i n each g e o g r a p h i c a l
g r o u p . Bo th t h e magn i t ude and t h e d i r e c t i o n
o f a s s o c i a t i o n between y i e l d and f l o w e r i n g
t i m e has changed i n t h e Mex ican m a t e r i a l as
compared t o t h e o t h e r s .
S i m i l a r i s t h e case w i t h days t o m a t u r i t y .
Pronounced changes in a s s o c i a t i o n among geo-
g r a p h i c a l g roups 1s f o u n d between y i e l d and
c h l o r o p h y l l d e p t h , l e a f d r y i n g , days t o f l o w e r ,
days t o m a t u r i t y , pod s i z e , seed s i z e , seed
c o l o r and d i s e a s e r e s i s t a n c e . Out o f 1 3 c h a r -
a c t e r s , n i n e have shown d i f f e r e n t i a l a s s o c i a -
t i o n i n d i f f e r e n t g e o g r a p h i c a l r e g i o n s . T h i s
can o n l y b e i n t e r p r e t e d i n te rms o f l o c a l
a d a p t a t i o n and f i x a t i o n o f a d a p t i v e gene b locks
f a v o r e d b y t h e l o c a l f o r c e s o f s e l e c t i o n . Any
improvement i n v o l v i n g l i m i t e d h y b r i d i z a t i o n
r e s t r i c t e d w i t h i n a r e g i o n may n o t change
t h e s e a s s o c i a t i o n s . Even 1 f t h e s e a s s o c i a -
t i o n s a r e p r o d u c t i v e under l o c a l c o n d i t i o n s ,
t h e i r i n c o r p o r a t i o n i n s u p e r i o r b u t w i d e l y
adap ted t y p e s may p e r m i t t h e e x p l o i t a t i o n o f
d i v e r s e g e n e t i c mechanisms towards s t a b i l i t y
o f p r o d u c t i o n .
Genotype- Environment
Interactions
I n s p i t e o f t h e e r o s i o n o f g e n e t i c
v a r i a b i l i t y due t o l o c a l a d a p t a t i o n , t h e r e i s
c o n s i d e r a b l e v a r i a t i o n i n t h e n a t u r e and
magn i tude o f g e n o t y p e - e n v i r o n m e n t a l i n t e r a c -
t i o n b o t h among and w i t h i n g e o g r a p h i c a l g r o u p s .
A r e g r e s s i o n a n a l y s i s o f f i f t e e n c h a r a c t e r s
f o r a sample o f 239 e n t r i e s o u t o f 567 e n t r i e s
i n f o u r env i r onmen ts has shown t h a t t h e
response a s measured b y t h e r e g r e s s i o n c o e f f i -
c i e n t v a r i e d f r o m 2 to 15 t i m e s depend ing upon
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t h e c h a r a c t e r ( T a b l e 4 ) . The range of means
o f t h e i n d i v i d u a l e n t r i e s f o r t h e same char-
a c t e r s was a l s o l a r g e . The I n t e r a c t i o n compo-
nent i n s i x o f t h e seven c h a r a c t e r s , which are
d i r e c t l y r e l a t e d t o l o c a l a d a p t a t i o n and
p r o d u c t i v i t y , accounted f o r more than 50% o f
t h e t o t a l v a r i a t i o n except f o r f l o w e r i n g t i m e .
I n s p i t e o f t h i s v a r i a t i o n , t h e l i n e a r compo-
nent i s o n l y around 30% i n a l l t h e cases.
Thus t h e n o n - l i n e a r component which i s
l e s s p r e d i c t a b l e appears t o b e c r u c i a l i n t h e
a d a p t a t i o n i n chickpea. S i m i l a r r e s u l t s are
a l s o found i n o t h e r crops l i k e sorghum and
m i l l e t s which are n o r m a l l y grown i n s t r e s s
environments and a r e a l s o s u b j e c t e d t o s e l e c -
t i o n f o r l o c a l a d a p t a t i o n ( M u r t y 1970). An-
o t h e r i n t e r e s t i n g f e a t u r e i s t h e absence o f
any s t r o n g adverse r e l a t i o n between s t a b i l i t y
o f y i e l d and s t a b i l i t y o f f l o w e r i n g t i m e a s
g i v e n e a r l i e r 1 n t h e pooled r e g r e s s i o n a n a l -
y s i s . T h e r e f o r e , i t would appear p o s s i b l e t o
combine s t a b i l i t y f o r f l o w e r i n g w i t h substan-
t i a l response in y i e l d w i t h improved e n v i -
ronment. S t a b i l i t y o f 1000-grain w e i g h t which
i s y e t t o b e completed i n t h i s s t u d y w i l l
I n d i c a t e if a reasonable degree of s t a b i l i t y
f o r t h i s c h a r a c t e r can p e r m i t w i d e r a d a p t a t i o n
w i t h o u t s a c r i f i c i n g y i e l d .
Factor Analysis
A n e a r l i e r s t u d y o f t h e w o r l d c o l l e c t i o n
of sorghum and m i l l e t has shown c o n s i d e r a b l e
change 1 n t h e f a c t o r s f o r d i v e r g e n c e i n t h e
semi p r i m i t i v e c u l t i v a r s a s compared t o those
1 n h i g h l y s e l e c t e d m a t e r i a l w i t h s u b s t a n t i a l
changes i n t h e f a c t o r l o a d i n g s ( M u r t y e t a l
1970). A l i m i t e d s t u d y i n chickpea i n t h i s
i n v e s t i g a t i o n has shown t h a t t h e f a c t o r l o a d -
i n g s and t h e p r o p o r t i o n o f t h e communality
accounted f o r b y each f a c t o r are d i f f e r e n t i n
t h e g e n o t y p i c and t h e e n v i r o n m e n t a l m a t r i x
s e p a r a t e l y ( T a b l e 5 ) . T h i s can be e x p l a i n e d
o n t h e b a s i s o f n o n - n o r m a l i t y o f t h e g e n o t y p i c
m a t r i x . A minimum o f f o u r f a c t o r s a r e neces-
s a r y f o r t h e 2 0 c h a r a c t e r s t o account f o r over
90% o f t h e t o t a l v a r i a b i l i t y . The f i r s t two
f a c t o r s have accounted f o r o n l y 60% t o 66% o f
t h e t o t a l v a r i a b i l i t y i n d i c a t i n g t h a t t h e r e
a r e m u t u a l l y compensating f a c t o r s i n t h e d i v e r -
g e n c e w i t h i n t h i s m a t e r i a l i n s p i t e o f t h e
l i m i t e d human s e l e c t i o n .
The f i r s t f a c t o r i s p r e d o m i n a n t l y a growth
f a c t o r i n c l u d i n g s e e d l i n g e s t a b l i s h m e n t and
p h o t o s y n t h e t i c a c t i v i t y . The l o a d i n g i n t h e
second f a c t o r i s r e l a t e d t o seed development
w i t h s u b s t a n t i a l i n f l u e n c e o n l e a f and l e a f -
l e t s i z e and r e p r o d u c t i v e p o t e n t i a l . The
c r u c i a l r o l e o f t h e r e p r o d u c t i v e p e r i o d i n
t h e second and t h i r d f a c t o r i n the g e n o t y p i c
m a t r i x i n d i c a t e s t h a t i n a d d i t i o n t o f l o w e r i n g
t i m e t h e d u r a t i o n o f m a t u r i t y f r o m f l o w e r i n g
i s a n i m p o r t a n t component f o r a d a p t a t i o n . I t s
i n f l u e n c e o n t h e degree o f f l o w e r shedding
needs f u r t h e r s t u d y . The f a c t o r l o a d i n g s and
t h e p r o p o r t i o n o f communality were d i f f e r e n t
i n t h e l a r g e w o r l d c o l l e c t i o n , i n d i c a t i n g
d i f f e r e n c e s i n t h e f o r c e s o f d i v e r g e n c e from
those o f t h e c o l l e c t i o n o f p r i m i t i v e c u l t i v a r s
( T a b l e 5 a ) .
Genetic Divergence
Using Generalized Distance
A c l a s s i f i c a t i o n o f t h e same m a t e r i a l f o r
21 c h a r a c t e r s u s i n g D 2 - s t a t 1 s t i c has r e s u l t e d
i n e i g h t c l u s t e r s w i t h a v a r i e t y P.2415 from
I r a n b e i n g d i f f e r e n t f r o m t h e r e s t . I t i s
e x t r e m e l y l a t e i n f l o w e r i n g w i t h t h e maximum
l a t e r a l spread and t h e s m a l l e s t l e a f l e t s . The
c l u s t e r means r e v e a l t h a t among h i g h y i e l d
groups, compact p l a n t t y p e and number of
secondary branches and pods per p l a n t a r e t h e
major components o f t h e d i v e r g e n c e ( T a b l e 6 ) .
The c o m p o s i t i o n o f t h e c l u s t e r s has r e v e a l e d
c l e a r d i v e r g e n c e between b l a c k and p i n k seeded
t y p e s f r o m t h e r e s t . I t i s l i k e l y t h a t seed
c o l o r i s r e l a t e d t o some o t h e r c h a r a c t e r s
i m p o r t a n t f o r f i t n e s s . Black seeded t y p e s are
i n v a r i a b l y small w h i l e t h e p i n k t y p e s a r e
q u i t e l a r g e .
The a n a l y s i s u s i n g g e n e r a l i z e d d i s t a n c e
has shown t h a t y i e l d per p l a n t i s n o t adverse-
l y r e l a t e d w i t h m a t u r i t y , seed s i z e and c o l o r
and i s i n c o n f i r m a t i o n o f t h e r e g r e s s i o n
a n a l y s i s mentioned e a r l i e r . The c h a r a c t e r s
i m p o r t a n t f o r d i v e r g e n c e f r o m t h e d i s t a n c e
a n a l y s i s would appear t o b e seed s i z e ,
l a t e r a l s p r e a d , l e a f l e t s i z e , pods per
p l a n t , and t o some e x t e n t days t o f l o w e r ,
t h e d i v e r s i t y among c l u s t e r s was a l s o substan-
t i a l (7.36 t o 77.29 u n i t s ) and t h e i n t r a -
c l u s t e r d i v e r g e n c e v a r i e d f r o m 3.58 t o 11.51.
E a r l i n e s s , l i m i t e d l a t e r a l spread and more
secondary branches and t h e l e n g t h o f reproduc-
t i v e branch and l i m i t e d f l o w e r shedding and
slow l e a f d r y i n g would appear t o b e r e l a t e d t o
y i e l d .
R e c e n t l y , a s i m i l a r a n a l y s i s o f n e a r l y
5000 accessions o f a w o r l d c o l l e c t i o n o f
chickpea by Dr. R.K. Jayaprakash of t h e
U n i v e r s i t y o f Wales, A b e r y s t w y t h , i n c o l l a b o -
r a t i o n w i t h t h e a u t h o r has produced more d a t a .
Some o t h e r i n t e r e s t i n g f e a t u r e s o f divergences
as measured by D 2 - s t a t i s t i c among t h e advanced
c u l t i v a r s a s compared t o t h e p r i m i t i v e
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Table 4. Pooled Estimates of Stability Parameters for Some Characters in 239 Chickpea Cuitivars During 1969-73
L e a f s i z e
Spread (cms)
L e a f d r y i n g
P r i m a r y b ranches
Pods /Sec . branches
Seeds/10 pods
Days to 50% f l o w e r i n g
Range o f e s t i m a t e s
u
2 . 7 5 - 6 . 7 5
34-69
3 .0 - 8 . 0
2 . 2 5 - 1 2 . 0
3 . 5 - 1 0 . 0
8 . 5 - 2 3 . 7
8 0 . 7 5 - 1 1 5 . 7 5
B
- 1 . 5 9 - 5 . 2 3
- 1 . 0 - 4 . 1 3
- 3 . 1 - 4 . 5
- 0 . 2 2 - 3 . 4 8
- 2 . 9 - 4 . 6 9
- 1 . 9 7 - 4 . 8 7
0 . 2 3 - 3 . 0 4
% SS due t o
I n t e r a c t i o n
57 .72
6 6 . 2 2
7 3 . 1 2
5 5 . 5 0
6 6 . 2 4
5 8 . 1 0
2 5 . 1 6
L i n e a r
T o t a l
I n t e r a c t i o n
36 .46






Table 5. Factor Analysis of Divergence in Chickpea for 21 Characters
1 . V i g o r
2 . C h l o r o p h y l l
3 . Lea f s i z e
4 . Lea f d r y i n g
5 . H e i g h t
6. Days to 50% f l o w e r
7 . M a t u r i t y
8 . P r i m a r y branches
9 . R e p r o d u c t . Length
1 0 . Pod No.
1 1 . Seeds/Pod
12. Seed S i z e
13. P r o p o r t i o n t o
t o t a l c o m m u n i l i t y





- 0 . 6 6
0 . 7 1
0 . 3 8
0 . 7 3
0 . 9 9
0 .17
0 . 1 2
- 0 . 3 8
0 .69
4 7 . 7
I I
- 0 . 1 2
0 .34
0 . 4 1
- 0 . 1 2
0 .15
- 0 . 9 6
- 0 . 3 2
- 0 . 0 8
0 .77
0 . 3 0
0 . 1 8




- 0 . 4 1
- 0 . 3 9




- 0 . 1 7
0 . 6 1
0 .35
0 . 6 0
- 0 . 6 0
2 2 . 0




- 0 . 1 3




0 . 1 1
0 .29
0 . 1 4
0 . 2 5
0 . 2 0
3 4 , 0
I I
- 0 . 4 0
- 0 . 2 5
- 0 . 1 9
0 . 3 0
- 0 . 4 5
- 0 . 0 6
- 0 . 2 7
0 .45
- 0 . 0 7
0 . 6 2
0 .17
0 . 1 4
2 6 . 4
I I I
0 . 2 0
0 . 1 9
0 .17
- 0 . 2 3
0 . 2 2
- 0 . 2 9
0 . 3 1
0 . 1 4
0 . 0 8
0 . 5 6
0 . 0 6
- 0 . 3 2
1 4 . 8
I - I V - 9 8 . 7 I - I V - 8 5 . 3
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Table 5a. Factor and Canonical Analyses of Diversity for 8 Characters in 5474 Accessions of Chickpea
V a r i a b l e
P l a n t Type
F lower C o l o r
Days to F lower
Days t o M a t u r i t y
Pod S i z e
Seeds/Pod
100-Wt.
Seed C o l o r
% C o n t r i b u t i o n
Res idua l
Sou rce : Jayaprakash
F a c t o r Load ings
I




- 0 . 2 5 0
0.442
- 0 . 3 2 2
0 .416
I I
- 0 . 2 1 9




- 0 . 1 0 9
0.402
0.647
3 8 . 9 4 7 . 2
13 .9
, R.K. ( U n p u b l i s h e d )
Canon ica l Vec to rs
Z1
- 0 . 6 5 2
0 .076
0 .009













- 0 . 6 1 2
4 5 . 5 2 3 . 8
Table 6. Cluster Means for Chickpea Collection Classified by D2 statistic








V I I I
L e a f l e t










f l o w e r
9 3 . 6
94 .5
9 6 . 0
100.2
9 6 . 5
9 8 . 4
9 7 . 8
107.7
L a t e r a l
spread cms.
78 .5
8 6 . 0
7 1 . 9
9 0 . 6
8 2 . 5
8 8 . 2
7 1 . 4





1 7 . 1






p l a n t
68 .5
4 9 . 3
6 3 . 8
4 2 . 3
4 6 . 9
5 6 . 9
4 1 . 1





















Seed y i e l d
p e r p l a n t
16.7
13 .4 (BL )
17.4




5 . 7 ( L P )
BL= B l a c k ; P = P i n k ; LP = L i g h t P i n k ; Rest a r e y e l l o w & brown
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c u l t l v a r s p a r t i c u l a r l y o n t h e l i m i t e d r o l e o f
f l o w e r i n g t i m e in t h e d i v e r g e n c e among t h e
advanced c u l t l v a r s has been n o t e d . ( T a b l e 6 a ) .
CONCLUSION
The p r e s e n t s t u d y has been c o n c e n t r a t e d
o n l y o n s t a b i l i t y f o r y i e l d and f l o w e r i n g .
L i m i t e d i n f o r m a t i o n i s a v a i l a b l e o n p r o t e i n
c o n t e n t o f t h i s m a t e r i a l i n d i f f e r e n t e n v i -
ronments w h i c h sugges t t h a t 1 t i s p o s s i b l e t o
combine s t a b i l i t y o f y i e l d w i t h moderate s t a -
b i l i t y f o r p r o t e i n c o n t e n t . More s t u d i e s 1 n
t h i s d i r e c t i o n i n c l u d i n g r e l a t i v e s t a b i l i t y o f
amino a c i d l e v e l s need to be u n d e r t a k e n . The
r e s u l t s have a l s o shown t h a t t h e s o - c a l l e d
a d v e r s e a s s o c i a t i o n between y i e l d , r e s i s t a n c e
and g r a i n s i z e i n c h i c k p e a a r e more due t o
g e n e t i c e r o s i o n r a t h e r t h a n p h y s i o l o g i c a l
l i m i t a t i o n . F i f t e e n v a r i e t i e s o f c h i c k p e a
'have been s e l e c t e d o n t h e b a s i s o f t h e i r p r o -
d u c t i v i t y f o r f u r t h e r w o r k : P .4257 , 4 3 0 7 , 4334
4 4 2 0 , 4 4 2 6 , 4 5 4 9 , 4 5 6 0 , 4 7 1 3 , 4 9 5 4 , 4 9 8 9 ,
I V P - 1 1 3 , ICP-117 and ICP-118 .
A c c e p t a b i l i t y as d e s c r i b e d by PAG is
g r e a t e r f o r l a r g e seeded t y p e s w h i c h a r e
p r e s e n t l y h i g h l y s u s c e p t i b l e t o A s c o c h y t a ,
w h i l e t h e s m a l l s e e d e d , h i g h l y w r i n k l e d ,
brown t y p e s w h i c h a r e r e s i s t a n t t o Ascochy ta
b u t a r e n o t f a v o r e d e x c e p t f o r some l i m i t e d
p r e p a r a t i o n s . The p r e s e n t s t u d y has i n d i -
c a t e d t h a t i t i s p o s s i b l e t o combine seed s i z e
w i t h y i e l d and d i s e a s e r e s i s t a n c e . I t wou ld
a l s o appear p o s s i b l e t o improve p r o d u c t i v i t y
b y s u p e r i m p o s i n g t h e p l a n t s t r u c t u r e t o i m -
p r o v e t h e h a r v e s t i n d e x s i m u l t a n e o u s l y w i t h
r e s i s t a n c e t o Ascochy ta and l a r g e seed s i z e .
T h i s may be p o s s i b l e by b r o a d e n i n g t h e g e n e t i c
base w i t h w i d e c r o s s i n g a t i n t r a s p e c i f i c l e v e l
u t i l i z i n g t h e l o c a l l y adap ted c u l t l v a r s a s
donors o f a d a p t i v e g e n e t i c b l o c k s i n t o t h e
o t h e r w i s e b e t t e r y i e l d i n g g e n o t y p e s . S t u d i e s
o n t h e r e l a t i o n s h i p between w i d e a d a p t a t i o n
w i t h i n h e r e n t p h o t o s y n t h e t i c and r e s p i r a t i o n
e f f i c i e n c y and r h i z o b i a l n i t r o g e n f i x i n g p r o -
cesses and p h o t o s y n t h e t i c s o u r c e - s i n k m a n i p u -
l a t i o n as was done in soybean by Lawn and Brun
(1974) w i l l b e u s e f u l . M u t a t i o n a l r e c t i f i -
c a t i o n s p e c i f i c a l l y f o r r e s i s t a n c e t o Ascochyta
wou ld be p o s s i b l e as a s h o r t - t e r m measure in
t h e l a r g e s e e d e d , y e l l o w c o l o r e d c h i c k p e a
v a r i e t i e s w h i c h a l r e a d y have a h i g h y i e l d p o -
t e n t i a l p a r t i c u l a r l y i n t h e Near Eas t and
South A s i a .
Table 6a.
Cluster
C h a r a c t e r
P l a n t Type
F lowe r C o l o r
Days to F lower
Days t o Ma tu re
Pod S i z e
Seeds/10 Pods
100 Seed Wt. (gms)
Seed C o l o r
S o u r c e : J a y a p r a k a s h ,












2 . 3 3
104.60
178.00
2 . 2 0
1 4 . 1 0
15 .60
1.57
R.K. ( U n p u b l i s h e d )
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2 . 1 3
2 . 0 0
104.00
175 .20
2 . 3 1
1 4 . 3 0
16 .57












I wish to know f r o m Dr. Murty how a f t e r s e l e c t i n g w i d e l y adapted
v a r i e t i e s and making crosses w i t h h i g h y i e l d i n g ones, one should
s e l e c t p l a n t s i n t h e s e g r e g a t i n g p o p u l a t i o n s f o r wide a d a p t a t i o n .
There a r e s e v e r a l p o s s i b i l i t i e s b u t i n m y o p i n i o n t h e most p r a c t i c a l
way would be to grow and s e l e c t t h e m a t e r i a l at two l o c a t i o n s . This
should b e f o l l o w e d b y m u l t i l o c a t i o n t e s t s t o i d e n t i f y w i d e l y adapted
genotypes.
The concept of coadapted gene complex is an i d e a of p o p u l a t i o n
g e n e t i c s . I f t h i s i s so, t h e germplasm f r o m d i f f e r e n t p a r t s o f t h e
w o r l d c o u l d b e presumed a s g e n e t i c a l l y d i v e r s e and u t i l i z e d a c c o r d -
i n g l y . T h i s may f a c i l i t a t e a v o i d i n g t h e arduous a n a l y s i s o f t h e
germplasm based on Mahalnobis' D-square s t a t i s t i c s .
Some o f t h e v a r i e t i e s which a r e n o t w i d e l y adapted when crossed
produce w i d e l y adapted o f f s p r i n g . T h i s wide a d a p t a t i o n was achieved
b y m u l t i l o c a t i o n t e s t s .
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G. C. Hawtin 1
Both t h e papers presented i n t h i s
s e s s i o n have s t r e s s e d t h e importance and
urgency of c o l l e c t i n g germplasm. Dr. van der
Maesen has p o i n t e d out t h a t over 70% of b o t h
crops a r e s t i l l growing from l o c a l l a n d r a c e s ,
b u t w e cannot a f f o r d t o b e complacent a s t h i s
s i t u a t i o n c o u l d change v e r y q u i c k l y i f new
v e r y h i g h y i e l d i n g v a r i e t i e s a r e r e l e a s e d .
Mention was made o f t h e work o f t h e I n t e r -
n a t i o n a l Board f o r P l a n t Genetic Resources and
I would urge c l o s e c o o p e r a t i o n w i t h t h i s
o r g a n i z a t i o n i n t h e c o l l e c t i n g and e v a l u a t i o n
o f germplasm. A t l e a s t two o f t h e proposed
c e n t e r s have a d i r e c t r e l e v a n c e i n t h e p r e s e r -
v a t i o n o f c h i c k p e a germplasm, the one a t I z m i r
1n Turkey and t h e one proposed f o r E t h i o p i a .
Dr. van der Maesen p u t g r e a t emphasis on
t h e c o l l e c t i o n o f r e l a t e d w i l d species i n
a d d i t i o n t o t h e l o c a l c u l t i v a r s . From the few
a t t e m p t s which have been made so f a r a t i n t e r -
s p e c i f i c h y b r i d i z a t i o n w i t h i n t h e genus C i c e r ,
n o successes have been r e p o r t e d . I t i s
suggested t h a t more r e s e a r c h be devoted to
t h i s a s t h e p o t e n t i a l b e n e f i t s a r e c o n s i d e r -
a b l e b o t h w i t h r e g a r d t o disease r e s i s t a n c e
and o t h e r f a c t o r s such a s t h e p e r e n n i a l h a b i t ,
and d r o u g h t t o l e r a n c e .
I t was s a i d t h a t p o l i t i c a l i n a c c e s s i b i l -
i t y f r e q u e n t l y poses a g r e a t e r problem than
t o p o g r a p h i c a l i n a c c e s s i b i l i t y , and whereas
t h i s may b e t r u e f o r c e r t a i n key r e g i o n s , the
problem o f t o p o g r a p h i c a l i n a c c e s s i b i l i t y
c e r t a i n l y s h o u l d n o t be o v e r l o o k e d . From
r e c e n t e x p e r i e n c e o f c o l l e c t i n g p u l s e s i n
A f g h a n i s t a n i t was found t h a t the r e g i o n i n
which c o l l e c t i n g was p o s s i b l e , even u s i n g f o u r
wheel d r i v e v e h i c l e s , was r e l a t i v e l y small and
i t 1 s now f e l t t h a t I f w e undertake f u t u r e
c o l l e c t i o n i n t h a t c o u n t r y much o f t h e t r a -
v e l l i n g w i l l have t o be on horseback, by
donkey or on f o o t . The area which can be
covered i n t h i s manner 1 s o b v i o u s l y v e r y
l i m i t e d and t h e o n l y r e a l i s t i c way t o g e t
around t h i s problem i s t o t r a i n l o c a l
n a t i o n a l s 1n t h e r e l e v a n t taxonomy and
t e c h n i q u e s o f c o l l e c t i o n . Problems o f
language, as mentioned by Dr. van der Maesen,
would a l s o l a r g e l y be overcome by t h e use of
such p e r s o n n e l .
Some i n t e r e s t i n g comments were made
r e g a r d i n g t h e maintenance o f c o l l e c t i o n s and
I t h i n k more t h o u g h t must be g i v e n to t h i s
aspect. Several approaches are c u r r e n t l y
being used at d i f f e r e n t i n s t i t u t e s . I am
aware of one program which has been m a i n t a i n -
i n g i t s c o l l e c t i o n s b y a process o f s i n g l e
p l a n t s e l e c t i o n . The method used a t ALAD 1s
to t r y and keep t h e g e n e t i c c o n s t i t u t i o n o f a 
sample e x a c t l y a s i t was r e c e i v e d , and
w o r k i n g c o l l e c t i o n s a r e o b t a i n e d f r om t h i s
b y a process o f s i n g l e p l a n t s e l e c t i o n .
I f e e l t h a t i t i s v e r y i m p o r t a n t t h a t
w o r l d germplasm c o l l e c t i o n s b e m a i n t a i n e d a t
more t h a n one l o c a t i o n , as an i n s u r a n c e
a g a i n s t l o s s , however caused.
I was i n t e r e s t e d in t h e r e p o r t e d low
number of samples which can be c o l l e c t e d per
day. From our e x p e r i e n c e in A f g h a n i s t a n I 
would suggest t h a t one u s e f u l way of i n c r e a s -
i n g t h i s i s t o o b t a i n seed a t t h e l o c a l
markets, where one can o f t e n buy samples
d i r e c t l y from f a r m e r s . From d i s c u s s i o n w i t h
t h e f a r m e r , many o f t h e r e q u i r e d d e t a i l s as
t o t h e e x a c t l o c a t i o n , and environment o f
o r i g i n can be a s c e r t a i n e d .
Dr. van der Maesen has s t r e s s e d t h e need
f o r f u r t h e r work o n t h e i n t r a s p e c i f i c taxonomy
o f C i c e r a r i e t i n u m and r i g h t l y , I f e e l , p o i n t e d
o u t t h a t any such c l a s s i f i c a t i o n should b e o f
r e l e v a n c e to a breeder. The paper g i v e n by
Dr. Murty goes some way towards t h i s , and he
has demonstrated a number of i m p o r t a n t
groupings w i t h i n t h e m a t e r i a l s t u d i e d . Nearly
a l l t h e p l a n t c h a r a c t e r s mentioned were o f
p o t e n t i a l use to a breeder and he has gone a 
l o n g way towards c h a r a c t e r i z i n g t h e divergence.
The concept of gene c o n s t e l l a t i o n s
is an i m p o r t a n t one and I t h i n k Dr. Murty has
made some ver y v a l i d comments r e g a r d i n g the
b r e a k i n g up of these a d a p t i v e gene groups.
The n e x t stage has to be a g e n e t i c
a n a l y s i s t o determine j u s t what w i l l be t h e
s i g n i f i c a n c e o f b r e a k i n g these c o n s t e l l a t i o n s ,
and t o determine t h e e x t e n t o f t h e gene
l i n k a g e s i n v o l v e d .
1
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One f i n a l comment I would l i k e t o make
is o n t h e q u e s t i o n o f p h o t o p e r i o d i c i t y .
W i t h t h e e x c e p t i o n o f one p u b l i c a t i o n , a l l the
f i n d i n g s t o d a t e have suggested t h a t chickpea
is a q u a n t i t a t i v e l o n g day p l a n t . We heard
t h i s morning f r o m Dr. C o r b i n t h a t he has
been a b l e t o f i n d t h r e e d i f f e r e n t r e a c t i o n s
to p h o t o - p e r i o d in t h e m a t e r i a l he has
s t u d i e d . I f e e l t h a t f u r t h e r work must
b e done o n t h i s and t h e e f f e c t s o f o t h e r
e n v i r o n m e n t a l f a c t o r s , s i n c e i t i s o f very 
g r e a t importance in t h e u n d e r s t a n d i n g









B a s i c a l l y , t h e b r e e d i n g o f any species o f
c r o p p l a n t s , r e g a r d l e s s o f i t s n a t u r a l breed-
i n g system, i n v o l v e s two phases: (a) t h e
c r e a t i o n o f a r e s e r v o i r o f g e n o t y p i c v a r i a t i o n
and ( b ) s e l e c t i o n among t h e genotypes.
METHODS FOR CREATING
GENOTYPIC VARIATION
p e r i o d when use of h y b r i d i z a t i o n became pop-
u l a r . More w i l l be s a i d about m u t a t i o n breed-
i n g l a t e r i n t h i s paper.
D u r i n g t h e y e a r s o f t h e Twenties and
e a r l y T h i r t i e s , h y b r i d i z a t i o n i n s e l f -
f e r t i l i z i n g species i n v o l v e d b i p a r e n t a l crosses
almost e x c l u s i v e l y ; and even t o d a y , a h a l f
c e n t u r y l a t e r , most h y b r i d i z a t i o n s i n these
species a r e s t i l l b i p a r e n t a l . The recombina-
t i o n p o s s i b l e f r o m b l p a r e n t a l crosses a r e too
r e s t r i c t i v e t o p e r m i t r a p i d improvement i n
s e l f i n g s p e c i e s .
Review of Experimentation
A f t e r t h e o r i g i n a l g e n o t y p i c v a r i a t i o n
a v a i l a b l e from i n t r o d u c t i o n and/or n a t u r a l
sources has been e x p l o i t e d , a breeder is con-
f r o n t e d w i t h the need to " c r e a t e " a new
r e s e r v o i r o f g e n o t y p i c v a r i a t i o n upon which t o
p r a c t i c e s e l e c t i o n . I t was a t t h i s p o i n t t h a t
breeders o f s e l f - f e r t i l i z i n g s m a l l g r a i n
species found themselves 1n t h e 1920's and
1930's.
Hybridization
To c r e a t e t h e new r e s e r v o i r s of g e n o t y p i c
v a r i a t i o n t h a t t h e y needed, these p l a n t breed-
e r s began to use h y b r i d i z a t i o n to enhance
r e c o m b i n a t i o n among genes f r o m d i f f e r e n t ge-
n e t i c s t r a i n s . A n a l t e r n a t i v e method f o r
c r e a t i n g r e s e r v o i r s o f g e n o t y p i c v a r i a t i o n , o f
c o u r s e , is v i a induced m u t a t i o n s . The back-
ground r e s e a r c h f o r t h i s b r e e d i n g methodology
was b e i n g done by S t a d l e r (1928, 1932), M u l l e r
(1932) and Gustafsson (1947) d u r i n g t h e same
Multiple Crosses
T o overcome t h i s l i m i t a t i o n , H a r l a n e t a l .
(1940) proposed t h e use o f m u l t i p l e c r o s s e s .
T h i s was a mating scheme whereby 16 or 32
p a r e n t s a r e crossed 1n s u c c e s s i v e g e n e r a t i o n s
i n t o s i n g l e c r o s s e s , double c r o s s e s , o c t u p l e
c r o s s e s , e t c . , ( F i g u r e 1 ) u n t i l t h e f i n a l
h y b r i d i n v o l v e s a l l p a r e n t s . T h e o r e t i c a l l y ,
t h e m u l t i p l e cross p r o v i d e d o p p o r t u n i t y f o r
r e c o m b i n a t i o n among genes f r o m many p a r e n t a l
s t r a i n s . However, t h e r e were two p r a c t i c a l
l i m i t a t i o n s r e l a t i v e t o m u l t i p l e c r o s s e s .
F i r s t , i t was not p r a c t i c a l l y f e a s i b l e i n the
l a t e r g e n e r a t i o n s o f t h e m a t i n g scheme t o
o b t a i n enough F 1 seeds t o r e t a i n a l l p a r e n t a l
genes in t h e f i n a l c r o s s i n g g e n e r a t i o n .
Akerman ( 1 9 4 6 ) , assuming a m u l t i p l e cross w i t h
16 p a r e n t s each of which c a r r i e d one u n i q u e ,
d e s i r a b l e gene, c a l c u l a t e d t h e number o f
h y b r i d seeds needed i n each g e n e r a t i o n o f t h e
c r o s s i n g program to i n s u r e a 50:50 chance of
r e t a i n i n g a l l 16 genes 1n one p l a n t 1n the
f i n a l g e n e r a t i o n . The numbers o f crosses were
8, 64, 131,000, and 64.000 4 1n t h e f i r s t ,
second, t h i r d , and f i n a l c r o s s i n g g e n e r a t i o n s ,
1
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Figure 1. Diagram of a Multiple Cross Involving 16 Parents (Harlan et al, 1940)
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r e s p e c t i v e l y . O b v i o u s l y , even w i t h a male
s t e r i l i t y system t o a i d i n making c r o s s e s ,
these numbers of h y b r i d seeds would never be
a t t a i n e d . N e v e r t h e l e s s , t h e m u l t i p l e cross
does p r o v i d e a g e n e t i c m a t r i x f o r simultaneous
r e c o m b i n a t i o n o f genes from s e v e r a l sources.
The second p r a c t i c a l l i m i t a t i o n w i t h t h e
m u l t i p l e cross system was suggested by MacKey
( 1 9 5 4 ) . He commented t h a t u s i n g 16 to 32
p a r e n t s i n a m u l t i p l e cross would f o r c e t h e
i n c l u s i o n o f a n unduly l a r g e number o f
unadapted s t r a i n s . These would t e n d to undo
t h e good g e n e t i c background t h a t i t t o o k p l a n t
breeders many y e a r s and even decades to
assemble.
Modified Backcrossing
MacKey suggested u s i n g a m o d i f i e d back-
c r o s s i n g program t o o b t a i n optimum p a r e n t a l
m a t e r i a l s w i t h which t o c a r r y o u t the m u l t i p l e
c r o s s i n g scheme. With t h i s m o d i f i c a t i o n , each
unadapted p a r e n t would be crossed and perhaps
backcrossed t o a n adapted s t r a i n o f t h e species
b e f o r e i t was used i n the m u l t i p l e cross
( F i g u r e 2 ) . I n t h i s diagram, U 1 t o U 8 r e p r e -
sent 8 unadapted s t r a i n s and A r e p r e s e n t s an
adapted v a r i e t y . Of c o u r s e , more than one
adapted v a r i e t y c o u l d b e used i n t h i s scheme.
A s i l l u s t r a t e d i n F i g u r e 1 , the m a t e r i a l s t o
b e used t o i n i t i a t e t h e m u l t i p l e cross would
c o n s i s t of 75% germplasm f r o m t h e A source and
25% f r o m t h e U1 to U8 sources. W i t h o u t any
b a c k c r o s s i n g , t h e r a t i o of A to U x germplasm
would be 50:50, and w i t h two backcrosses, 1t
would be 87.5:12.5. The p r o p o r t i o n of U x
germplasm t h a t would be d e s i r a b l e in a popula-
t i o n r e s u l t i n g f r o m a m u l t i p l e c r o s s , o b v i -
o u s l y would depend upon the degree of
"unadaptedness" o r " e x o t i c n e s s " t h a t t h e U x
s t r a i n s r e p r e s e n t e d . I f t h e U x s t r a i n s were
merely i n t r o d u c t i o n s o f t h e same c u l t i v a t e d
s pecies adapted to o t h e r environments 1n t h e
same l a t i t u d e , perhaps s i m p l e s i n g l e crosses
of t h e t y p e UxxA would be adequate. On t h e
o t h e r hand, Lawrence ( 1 9 7 4 ) , who i n t r o g r e s s e d
germplasm o f Avena s t e r i l i s L., a weedy o a t
from t h e M e d i t e r r a n e a n a r e a , i n t o t h e c u l t i -
v a t e d o a t , A . s a t i v a . found i t necessary t o
backcross two t o f o u r times b e f o r e t h e base o f
"adapted germplasm" was a p p r o p r i a t e f o r a 
p r a c t i c a l b r e e d i n g program. With these l e v e l s
o f b a c k c r o s s i n g , t h e expected p r o p o r t i o n s o f
A. s a t i v a germplasm ranged f r o m 87.5% to 96.6%.
ALSO, t h e backcross c o u l d be s u b s t i t u t e d by
3-way or 4-way crosses of t h e general t y p e
Ux x A1 2x A2 or Ux x A1 2x A2 3x A3, where A1
t o A 3 r e p r e s e n t d i f f e r e n t adapted v a r i e t i e s o r
t h e s p e c i e s .
Mutations
Another method by which p l a n t breeders
can c r e a t e g e n o t y p i c v a r i a t i o n i s v i a induced
m u t a t i o n s . The b a s i c r e s e a r c h o n t h i s s u b j e c t
was done by M u l l e r (1932) and S t a d l e r (1928a,
1932) who showed t h a t X-ray t r e a t m e n t of
D r o s o p h i l a and c e r e a l seeds, r e s p e c t i v e l y ,
would induce m u t a t i o n s . S t a d l e r (1932) was
d i s c o u r a g i n g i n h i s assessment o f the v a l u e o f
m u t a t i o n i n d u c t i o n t o p l a n t b r e e d i n g , b u t t h e
massive experiments conducted by G u s t a f f s o n
(1947) i n Sweden showed i t s r e a l u s e f u l n e s s .
E v i d e n t l y , t h e a r r a y o f m u t a t i o n s induced b y
mutagen t r e a t m e n t o f p l a n t t i s s u e s i s more o r
l e s s i d e n t i c a l t o t h a t which occurs sponta-
n e o u s l y , b u t t h e r a t e o f m u t a t i o n occurrence
i s i n c r e a s e d m a n i f o l d . Space and t i m e w i l l
n o t p e r m i t a t h o r o u g h review here of t h e
m u t a t i o n r e s e a r c h r e l a t e d t o p l a n t b r e e d i n g .
I t s u f f i c e s t o say t h a t m u t a t i o n s have been
induced 1n e v e r y p l a n t species t e s t e d , b o t h by
r a d i a t i o n s and by chemical mutagens. As shown
by Chandhanamutta and Frey (1975) and Hagberg
e t a l . ( 1 9 5 8 ) , g e n o t y p i c d i f f e r e n c e s occur 1 n
s u s c e p t i b i l i t y t o induced m u t a t i o n , and t h e r e
1s some evidence f o r a r e l a t i o n s h i p between
mutagen used and m u t a t i o n s induced ( M c K e l v i e ,
1963; L u n d q v i s t and W e t t s t e i n , 1962).
The m u t a t i o n process s t i l l i s o bscure,
however, and methods f o r mutagen t r e a t m e n t are
s u f f i c i e n t l y crude t h a t t h e b e s t a d v i c e f o r
t h e breeder who c r e a t e s g e n o t y p i c v a r i a t i o n by
mutagenic t r e a t m e n t i s t o t r e a t t h e best
adapted s t r a i n o f h i s species w i t h a mutagen
t h a t i s most c o n v e n i e n t f o r him t o use. The
v a l u e o f induced g e n o t y p i c v a r i a t i o n f o r p l a n t
improvement was summarized by S i g u r b j o r n s s o n
and Micke ( 1 9 7 4 ) . T h e i r summary shows t h a t
9 8 v a r i e t i e s o f f i e l d crops and 4 7 v a r i e t i e s
of ornamental p l a n t s have been developed
t h r o u g h induced m u t a t i o n s . P r a c t i c a l l y a l l the
improved f i e l d crop v a r i e t i e s belong t o s e l f -
f e r t i l i z i n g s p e c i e s .
W i t h t h e m u l t i p l e cross method and by
u s i n g MacKey's m o d i f i c a t i o n t o r e t a i n good
gene c o m b i n a t i o n s , a whole new dimension
o c c u r r e d f o r o b t a i n i n g g e n o t y p i c recombinants
t h a t never e x i s t e d b e f o r e i n b r e e d i n g popula-
t i o n s o f s e l f - f e r t i l i z i n g s p e c i e s . The
o b s t a c l e t o r e c o m b i n a t i o n among a l l e l e s a t
l i n k e d l o c i , however, s t i l l remained as a s i g -
n i f i c a n t b a r r i e r t o making improvements i n
s e l f - f e r t i l i z i n g s p e c i e s . With s e l f i n g ,
h e t e r o z y g o s i t y , which i s necessary f o r e f f e c -
t i v e c r o s s i n g over and r e c o m b i n a t i o n among
a l l e l e s a t l i n k e d l o c i , decreases v e r y r a p i d l y
to an i n e f f e c t i v e l e v e l . Two methods have
been t r i e d f o r i n c r e a s i n g r e c o m b i n a t i o n among
a l l e l e s a t l i n k e d l o c i .
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Figure 2. Diagram of Modified Backcrossing Program Proposed by Mackey (1954) to Obtain Parental
Materials for a Multiple Cross Involving 8 Unadapted Parents. (U, to U, represent 8 un-
adopted strains and A represents an adapted strain:)
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Male Sterility
Suneson (1945) i n t r o d u c e d a male s t e r i l i t y
(ms) gene i n t o a b a r l e y b u l k p o p u l a t i o n to
promote o u t c r o s s i n g . I t was e f f e c t i v e i n p r o -
m o t i n g o u t c r o s s i n g and h e t e r o z y g o s i t y in t h e
b u l k p o p u l a t i o n , b u t t h e ms a l l e l e had a 
decided s e l e c t i o n disadvantage i n t h e popula-
t i o n , and its f r e q u e n c y decreased to a v e r y
low v a l u e w i t h i n s e v e r a l g e n e r a t i o n s . I t s
e f f e c t i v e n e s s f o r i n c r e a s i n g h e t e r o z y g o s i t y i n
t h e b u l k p o p u l a t i o n was soon l o s t . Use of a 
c o m b i n a t i o n o f c y t o p l a s m i c male s t e r i l i t y and
f e r t i l i t y r e s t o r a t i o n genes in t h e b u l k popula-
t i o n has been proposed by Jensen ( 1 9 7 0 ) , and
it c o u l d be an e f f e c t i v e way to r e t a i n a h i g h
degree o f o u t c r o s s i n g f o r those species t h a t
have such a mechanism a v a i l a b l e e.g., wheat.
Probably t h e r e would be a s e l e c t i v e advantage
f o r p l a n t s t h a t c a r r i e d the f e r t i l i t y -
r e s t o r a t i o n a l l e l e s , and t h e e f f e c t i v e n e s s o f
t h i s mechanism f o r promoting h e t e r o z y g o s i t y
would be ephemeral. There is some evidence
t h a t too much c r o s s i n g over in t h e s e l f i n g
s p e c i e s , e.g. b a r l e y , can be d e t r i m e n t a l to
f i t n e s s .
Other Methods
Attempts have been made to m o d i f y t h e
c r o s s i n g over percentage 1n heterozygous
p l a n t s b y t r e a t m e n t w i t h e x t r i n s i c f a c t o r s ,
such as a c t i n o m y c i n - D , heat shock, and d e f i -
c i e n c y of c a l c i u m . Mock (1973) summarized
t h i s r e s e a r c h area and concluded t h a t ,
a l t h o u g h some t r e a t m e n t s have seemed to show
promise f o r i n c r e a s i n g c r o s s i n g over between
l o c i on t h e chromosomes o f p l a n t s and an i m a l s ,
no c o n s i s t e n t l y e f f e c t i v e t r e a t m e n t has been
found y e t . G r i n d e l a n d and Frohberg ( 1 9 6 6 ) ,
u s i n g r a d i a t i o n t r e a t m e n t o f o a t seeds t o
cause male s t e r i l i t y , showed t h a t o u t c r o s s i n g
among t h e r e s u l t a n t p l a n t s was i n c r e a s e d f r o m
0.8% to over 5.0%. T h i s degree of o u t c r o s s i n g
was e f f e c t i v e I n promoting h e t e r o z y g o s i t y
( F a t u n l a and Frey 1974).
METHODS OF SELECTION
Bulk Methods
With the very large genotypic variation
available from applying the multiple cross
method to selfing species, segregating popula-
tions no longer could be managed via pedigree
selection. Plant breeders, therefore, turned
to "bulk" methods for carrying the segregating
populations (Harlan et a l . 1946).
Much o r i g i n a l d a t a on t h e d e s t i n y o f
genotypes in a b u l k p o p u l a t i o n were gained
f r o m m i x t u r e s o f f o u r t o t e n pure l i n e v a r i -
e t i e s , propagated f o r s e v e r a l g e n e r a t i o n s , and
then analyzed f o r v a r i e t a l s u r v i v a l i n t h e
composite. T y p i c a l experiments o f t h i s t y p e
were r e p o r t e d by Suneson (1949) and Mumaw and
Weber (1957) f o r b a r l e y and soybeans, respec-
t i v e l y . A f t e r 1 6 y e a r s o f p r o p a g a t i o n , t h e
dominant b a r l e y b a r i e t y was A t l a s ( T a b l e 1 ) ,
t h e v a r i e t y which 1n pure s t a n d was t h e l o w e s t
y i e l d i n g o f t h e f o u r i n c l u d e d i n t h e m i x t u r e
and, a d d i t i o n a l l y , was s u s c e p t i b l e t o a l l major
b a r l e y diseases p r e s e n t i n C a l i f o r n i a . Mumaw
and Weber (1957) mixed t h r e e soybean v a r i e t i e s
1 n equal p r o p o r t i o n s and a f t e r f i v e generations
o f p r o p a g a t i o n a t Ames, Iowa, t h e percentages
were 75, 25, and 0 f o r Bavender S p e c i a l ,
Hawkeye, and Adams v a r i e t i e s , r e s p e c t i v e l y .
The dominant v a r i e t y was an unadapted and
h e a v i l y b r a n c h i n g t y p e . From t h e a v a i l a b l e
data o n v a r i e t a l m i x t u r e s i n s e l f - f e r t i l i z i n g
s p e c i e s , i t seemed t h a t any r e l a t i o n s h i p ( i . e .
p o s i t i v e , none, o r n e g a t i v e ) c o u l d e x i s t
between a b i l i t y o f a genotype t o s u r v i v e i n a 
m i x t u r e and i t s p r o d u c t i v e n e s s 1 n pure s t a n d s .
Natural Selection in Bulking
As data became a v a i l a b l e f r o m s u r v i v a l
v a l u e i n b u l k p o p u l a t i o n s o f segregates f r o m
m u l t i p l e c r o s s e s , a n e n t i r e l y d i f f e r e n t p i c -
t u r e began to appear. Suneson (1956) showed
t h a t n a t u r a l s e l e c t i o n caused b u l k p o p u l a t i o n s
f r o m m u l t i p l e crosses o f b a r l e y t o become
h i g h e r y i e l d i n g ( F i g u r e 3 ) . I n 2 8 g e n e r a t i o n s
o f p r o p a g a t i o n , t h e y i e l d o f C C I I i n c r e a s e d
f r o m 7 7 % t o 103% of A t l a s v a r i e t y . CC V, CC
X I I , and C C XIV a l l began a t a h i g h e r y i e l d
l e v e l i n t h e f i r s t g e n e r a t i o n ( a b o u t 85% o f
A t l a s ) , and w i t h i n 1 4 g e n e r a t i o n s , a l l had
e v o l v e d t o a b u l k y i e l d e q u i v a l e n t t o A t l a s .
J a i n (1961) proved t h a t t h e C C I I b u l k y i e l d
i n c r e a s e d because t h e r e was a s e l e c t i v e advan-
tage w i t h i n t h e p o p u l a t i o n f o r h i g h y i e l d i n g
p l a n t s ( T a b l e 2 ) . Y i e l d I n c r e a s e s o f l i n e s
w i t h i n C C I I were due t o t h e s e l e c t i v e advan-
t a g e f o r genotypes t h a t produced l a r g e numbers
o f seeds. Frey (1967) f o u n d t h a t t h e means o f
random o a t l i n e s f r o m s u c c e s s i v e g e n e r a t i o n s
o f B u l k o a t p o p u l a t i o n s showed n o s i g n i f i c a n t
changes f o r 100-seed w e i g h t , heeding d a t e , and
p l a n t h e i g h t o v e r a p e r i o d o f seven y e a r s o f
p r o p a g a t i o n ( T a b l e 3 ) . L i k e w i s e , Reyes and
Fray (1967) found n o change f o r g r a i n y i e l d
means o f e a t l i n e s f r o m s u c c e s s i v e g e n e r a t i o n s
of b u l k p o p u l a t i o n s , and Tiyawalee and Frey
(1970) shewed t h a t t h e f r e q u e n c y o f e n a l l e l e
f o r crown r u s t r e s i s t a n c e remained c o n s t a n t a t
0.2 over 10 g e n e r a t i o n s of b u l k p r o p a g a t i o n .
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Figure 3. Yield Trends of Bulk Populations of Composito Crosses of Barley with Advancing Genotttions
of Propagation in California (Suneson, 1956)
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Table 1. Percentages of Four Barley Varieties
Surviving in a Mixture After Different
Numbers of Generations of Propagation.
Suneson 1949
V a r i e t y
A t l a s
Club M a r i o u t
Hero
Vaughn
Number o f g e n e r a t i o n s


























Table 2. Grain Yields and Numbers of Seeds
Produced by Progenies from Various
Generations of Barley CCII . Jain 1961











No. o f seeds pe r




9 . 4 4
Table 3. Regression Coefficients for Means of 100-
Seed Weight, Heading Date, and Plant
Height from Random Oat Lines from Bulk
Populations Propagated for 7 Generations
T r a i t
100-seed w e i g h t
Heading d a t e
P l a n t h e i g h t
1 No r e g r e s s i o n was
Reg ress ion c o e f f i c i e n t 1
0 . 0 0
0 . 2 4
0 . 5 8
i s s t a t i s t i c a l l y s i g n i f i c a n t
N a t u r a l s e l e c t i o n may cause e v o l u t i o n a r y
changes f o r mean e x p r e s s i o n o f a t r a i t 1n a 
b u l k p o p u l a t i o n of segregates in a s e l f i n g
s p e c i e s , b u t t h e evidence t o date suggests
t h a t n a t u r a l s e l e c t i o n w i l l cause e i t h e r no
change or change 1n a d e s i r a b l e d i r e c t i o n from
t h e v i e w p o i n t o f p l a n t b r e e d i n g o b j e c t i v e s .
S u r v i v a l in g e n o t y p i c m i x t u r e s and in
b u l k p o p u l a t i o n s o f segregates f r o m crosses
can l e a d t o v e r y d i f f e r e n t c o n c l u s i o n s r e l a -
t i v e t o t h e u s e f u l n e s s o f b u l k p o p u l a t i o n
b r e e d i n g . P r o b a b l y t h e d i f f e r e n t i a l r e s u l t s
a r e because m i x t u r e s o f v a r i e t i e s r e p r e s e n t
r e l a t i v e l y s i m p l e systems o f c o m p e t i t i o n a t
t h e p l a n t l e v e l , whereas b u l k p o p u l a t i o n s o f
segregates r e p r e s e n t v e r y complex systems o f
c o m p e t i t i o n a t t h e t r a i t o r gene l e v e l .
Experience gained w i t h b u l k p o p u l a t i o n s o v e r
t h e p a s t two decades has l e d t o I t s r a t h e r
wide a d o p t i o n as a p r o p a g a t i o n method in many
b r e e d i n g programs w i t h s e l f - f e r t i l i z i n g
s p e c i e s .
Single-Seed Descent
G r a f i u s (1965) and Brim (1966) proposed a 
m o d i f i c a t i o n o f t h e b u l k p o p u l a t i o n method
which has become known as " s i n g l e - s e e d descent'.
With t h i s p r o c e d u r e , one or two random seeds
a r e h a r v e s t e d f r o m each p l a n t i n t h e b u l k
p l a n t i n g t o form t h e seed source f o r t h e n e x t
g e n e r a t i o n . I t i s designed t o p r e s e r v e t h e
t o t a l range o f v a r i a t i o n t h r o u g h o u t t h e prop-
a g a t i o n p e r i o d and t o m i n i m i z e t h e e f f e c t s o f
n a t u r a l s e l e c t i o n i n changing t h e g e n o t y p i c
array in t h e o r i g i n a l p o p u l a t i o n .
Pedigree Selection Procedure
T o t h i s p o i n t , I have l a i d s t r e s s o n
concepts and methods f o r c r e a t i n g g e n o t y p i c
v a r i a t i o n and a l l e l i c r e c o m b i n a t i o n . Most
fundamental r e s e a r c h emphasis i n p l a n t breeding
has been p l a c e d o n t h e o t h e r phase, namely,
s e l e c t i o n . B e f o r e t h e r e d i s c o v e r y o f Mendel's
Laws, most a s s u r e d l y , t h e p r i m a r y t e c h n i q u e o f
s e l e c t i o n used was mass s e l e c t i o n . The
r e d i s c o v e r y of Mendel's Laws p l a c e d emphasis
o n t h e p a r t i c u ' a t e n a t u r e o f i n h e r i t a n c e , and
t h i s l e d t o t h e a d o p t i o n b y p l a n t breeders o f
t h e p e d i g r e e s e l e c t i o n procedure f o r s e l f i n g
s p e c i e s . T h i s method was h i g h l y e f f e c t i v e f o r
s e l e c t i n g s i m p l y i n h e r i t e d t r a i t s and pure
l i n e v a r i e t i e s . The growing o f i n d i v i d u a l
p l a n t s , a s r e q u i r e d w i t h t h e p e d i g r e e method,
was e x p e n s i v e i n t i m e and money, s o i t was n o t
p o s s i b l e t o u t i l i z e l a r g e numbers o f segregates
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i n a b r e e d i n g p r o g r a m . A n d , when a t t e m p t i n g
t o i m p r o v e a q u a n t i t a t i v e l y i n h e r i t e d t r a i t
a n d / o r t o s e l e c t s e v e r a l t r a i t s s i m u l t a n e o u s l y ,
v e r y l a r g e numbers o f p l a n t s and p r o g e n i e s had
t o b e e v a l u a t e d .
Mass Selection
A s a l r e a d y n o t e d , H a r l a n e t a l . (1940)
d e v i s e d t h e b u l k method t o p r o p a g a t e l a r g e
numbers o f p l a n t s and p r o g e n i e s i n e x p e n s i v e l y .
T h i s method a s p r o p o s e d , f o r t u n a t e l y and u n -
f o r t u n a t e l y , p roved t o b e a n i n e x p e n s i v e
p r o p a g a t i o n method o n l y , w i t h n o a p r i o r i
e f f e c t on p o p u l a t i o n improvement . Under some
e n v i r o n m e n t a l c o n d i t i o n s , n a t u r a l s e l e c t i o n
caused improvement i n t h e b u l k p o p u l a t i o n , b u t
t h e most e f f e c t i v e t e c h n i q u e f o r u p g r a d i n g a 
t r a i t mean in a p o p u l a t i o n was mass s e l e c t i o n .
Work o n b u l k p o p u l a t i o n s o f t h e s e l f i n g spec ies
o a t s (A . s a t i v a ) and soybeans ( G l y c i n e max)
has shown t h a t v e r y c r u d e mechan i ca l mass
s e l e c t i o n t e c h n i q u e s can b e h i g h l y e f f e c t i v e
f o r c h a n g i n g t r a i t means i n p o p u l a t i o n s . For
example ( s e e T a b l e 4 ) , Romero and Frey (1966)
c l i p p e d p o p u l a t i o n s o f o a t p l a n t s t o a u n i f o r m
h e i g h t f o r f o u r s u c c e s s i v e g e n e r a t i o n s and
caused a mean r e d u c t i o n of 1.2 cm in mean
p l a n t h e i g h t p e r g e n e r a t i o n . T l y a w a l e e and
Frey (1970) s u b j e c t e d a b u l k o a t p o p u l a t i o n t o
a r t i f i c i a l l y i n d u c e d e p i p h y t o t i c s o f crown
r u s t and winnowed t h e seed p roduced on t h e
r e s u l t a n t p l a n t s . Heavy s e e d s , s u p p o s e d l y
p roduced o n r e s i s t a n t p l a n t s , were saved t o
Table 4. Changes in Means of Random Lines from
Bulk Oat Populations Caused by Mechan-
ical Mass Selection
G e n e r a t i o n s
o f mass
s e l e c t i o n
Mean in -
f i r s t
g e n e r a t i o n
l a s t
g e n e r a t i o n
T r a i t
P l a n t 1






r e s i s t a n c e
(gene
f r e q u e n c y )
7
0 . 2 1
0 . 3 5
Seed3
w e i g h t
(gm/100)
5
2 . 5 5
3 . 0 3
1 From Romero and Frey (1966)
2 From T l y a w a l e e and F rey (1970)
3 From F rey (1967)
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p r o p a g a t e t h e n e x t g e n e r a t i o n . I n seven cyc les
o f t h i s t y p e o f mass s e l e c t i o n , t h e f r e q u e n c y
o f t h e r e s i s t a n c e gene was i n c r e a s e d f r o m
0 . 2 1 t o 0 . 3 5 .
Indirect Mass Selection
I n d i r e c t mass s e l e c t i o n has a l s o been
used e f f e c t i v e l y . F rey (1967) r e p o r t e d t h a t a 
s c r e e n i n g t e c h n i q u e f o r w i d e seeds i n c r e a s e d
seed w e i g h t by 0 . 1 g /100 seeds ( a b o u t 3%) pe r
g e n e r a t i o n . S e v e r a l cases have been r e p o r t e d
where i n d i r e c t mass s e l e c t i o n ( i . e . , s e l e c t i o n
f o r t r a i t 1 i s p r a c t i c e d b y s e l e c t i o n f o r
t r a i t 2 ) has been s u c c e s s f u l . For e x a m p l e ,
when Frey (1967) s e l e c t e d f o r i n c r e a s e d seed
w e i g h t o f o a t s , t h e g r a i n y i e l d was i n c r e a s e d
9 . 0 % a f t e r f o u r c y c l e s . H a r t w i g and C o l l i n s
(1962) c l a s s i f i e d seed f r o m F 4 soybean p l a n t s
a c c o r d i n g t o d e n s i t y , and t h e mean s e e d -
p r o t e i n p e r c e n t a g e was 44% f o r heavy p r o g e n i e s
and 41% f o r l i g h t p r o g e n i e s . O n t h e o t h e r
h a n d , heavy p r o g e n i e s c o n t a i n e d 19% o i l ,
whereas l i g h t ones ave raged 22%.
Problems of Mass Selection
Mass s e l e c t i o n is a very e f f e c t i v e and
i n e x p e n s i v e t e c h n i q u e f o r i n c r e a s i n g t h e
p r o p o r t i o n s o f d e s i r e d geno types i n b u l k
p o p u l a t i o n s o f s e l f - f e r t i l i z i n g p l a n t s . Th i s
t e c h n i q u e a p p l i e d t o b u l k p o p u l a t i o n o f s e l f i n g
s p e c i e s has some d i s a d v a n t a g e s a l s o , F i r s t ,
i t t e n d s t o b e a r e l a t i v e l y s l o w method f o r
chang ing gene a n d / o r g e n o t y p i c f r e q u e n c i e s
when compared to p e d i g r e e and p u r e l i n e me thods .
S e c o n d l y , F rey and h i s coworke rs [ T i y a w a l e e
and F r e y ( 1 9 7 0 ) ; F r e y ( 1 9 6 7 ) ; Romero and Frey 
( 1 9 6 6 ) ] have shown t h a t s e l e c t i o n f o r a d e s i r e d
e x p r e s s i o n o f one t r a i t may r e s u l t 1 n
u n d e s i r a b l e changes i n o t h e r t r a i t s due t o
r e p u l s i o n - p h a s e l i n k a g e s . F o r e x a m p l e , F r e y
(1967) and Chandhanamutta and F r e y (1973 )
showed t h a t s e l e c t i o n f o r w i d e seeds and heavy
p a n i c l e s , r e s p e c t i v e l y , i n b u l k o a t p o p u l a -
t i o n s , r e s u l t e d i n s i z e a b l e i nc reases i n mean
y i e l d , b u t s i m u l t a n e o u s l y , p l a n t s i n t h e
p o p u l a t i o n s became l a t e r and t a l l e r . B o t h o f
t h e l a t t e r t r a i t s a r e u n d e s i r a b l e i n Midwestern
USA because l a t e o a t v a r i e t i e s a r e s u s c e p t i b l e
t o h e a t damage and t a l l o a t v a r i e t i e s a r e
l o d g i n g s u s c e p t i b l e . T h i r d , mass s e l e c t i o n
o n l y I n c r e a s e s t h e f r e q u e n c y o f genotypes
a l r e a d y p r e s e n t i n t h e p o p u l a t i o n because i t
p r o v i d e s n o o p p o r t u n i t y f o r r e c o m b i n a t i o n among






A l l o t h e r s e l e c t i o n p rocedu res used i n
b r e e d i n g o f s e l f - f e r t i l i z i n g c r o p p l a n t s i n -
v o l v e s i m u l t a n e o u s o r c o n c o m i t a n t s e l e c t i o n
and r e c o m b i n a t i o n . I n t u i t i v e l y , r e c u r r e n t
s e l e c t i o n s h o u l d b e a n e f f e c t i v e b r e e d i n g
p rocedu re f o r i m p r o v i n g s e l f - f e r t i l i z i n g spe-
c i e s . Khadr and Frey (1965) have used i t
s u c c e s s f u l l y t o i n c r e a s e seed w e i g h t i n o a t s .
As t h e s e a u t h o r s p o i n t o u t , however , t h e
g r e a t e s t d e t e r r e n t t o u s i n g r e c u r r e n t s e l e c -
t i o n w i t h s e l f i n g s p e c i e s i s t h e d i f f i c u l t y i n
mak ing t h e l a r g e numbers o f i n t e r c r o s s e s among
s e l e c t e d l i n e s r e q u i r e d w i t h t h i s me thod .
Because c r o s s i n g o f o a t s was so t e d i o u s and
t i m e c o n s u m i n g , t h e y p roposed a l t e r n a t i n g
p e d i g r e e and r e c u r r e n t s e l e c t i o n c y c l e s , i n
c o n t r a s t t o r e p e a t e d r e c u r r e n t s e l e c t i o n , t o
i n s u r e t h a t t h e s e l e c t e d p a r e n t s were i ndeed
e l i t e f o r t h e s e l e c t e d t r a i t ( T a b l e 5 ) . The
t o t a l p r e d i c t e d g a i n f o r c o n t i n u o u s r e c u r r e n t
s e l e c t i o n was 25% of t h e p o p u l a t i o n mean
a c c o m p l i s h e d i n s i x y e a r s , whereas t h e t o t a l
p r e d i c t e d g a i n f r o m a l t e r n a t i n g p e d i g r e e and
r e c u r r e n t s e l e c t i o n was 20% o f t h e p o p u l a t i o n
mean a c c o m p l i s h e d i n f i v e y e a r s . T h e r e f o r e ,
t h e g a i n pe r y e a r was 4% w i t h b o t h m e t h o d s ,
b u t t h e a l t e r n a t i n g sys tem was done w i t h h a l f
t h e c o s t o f c r o s s i n g .
R e c u r r e n t s e l e c t i o n can b e c a r r i e d o u t i n
b i - o r m u l t i p a r e n t a l p o p u l a t i o n s . G e n e t i c
Table 5. Schedules for Continuous Cycles of Recurrent Selection and for Alternating Cycles of Recurrent and












W i n t e r
Summer
Summer
W i n t e r
Summer
W i n t e r
Summer
W i n t e r
Summer
Stage w i t h
Con t i nuous r e c u r r e n t
s e l e c t i o n
M1 + p l a n t s
M2 p l a n t s
M 3 t e s t
I n t e r c r o s s and grow R 1 F 1
p l a n t s
R 1 F 2 p l a n t s
R 1 F 3 t e s t
I n t e r c r o s s and grow R 2 F 1
p l a n t s
R2F2 p l a n t s
e t c .
A l t e r n a t i n g r e c u r r e n t and
p e d i g r e e d s e l e c t i o n
M1 p l a n t s
M2 p l a n t s
M 3 t e s t
Grow p l a n t s w i t h i n s e l e c t e d
l i n e s (P)
P1 t e s t
I n t e r c r o s s and grow R 1 F 1 .
p l a n t s
R 1 F 2 p l a n t s
e t c .
* W i n t e r and summer season c rops w o u l d be grown 1n t h e g reenhouse and f i e l d , r e s p e c t i v e l y .
+
 M , R and P r e f e r to m u t a t i o n , r e c u r r e n t s e l e c t i o n and p e d i g r e e d g e n e r a t i o n s , r e s p e c t i v e l y .
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and/or c y t o p l a s m i c male s t e r i l i t y c o u l d be
used as a i d s to make t h e l a r g e numbers of
crosses r e q u i r e d i n a r e c u r r e n t s e l e c t i o n
program, b u t t h e more o r l e s s p e r f e c t t o o l f o r
use here woula be a chemical male s t e r i l a n t .
E t h r e l (Rowell and M i l l e r , 1971) has been
r e p o r t e d a s a n e f f e c t i v e male s t e r i l a n t f o r
s m a l l g r a i n s , b u t t h e r e s u l t s o f these re-,
searchers cannot b e v e r i f i e d . T h e r e f o r e , t o
d a t e , n o e f f e c t i v e male s t e r i l a n t i s a v a i l a b l e
t o a i d t h e use o f r e c u r r e n t s e l e c t i o n f o r any
s e l f i n g s p e c i e s .
Diallel Selective Mating System
A br e e d i n g method f o r s e l f - f e r t i l i z i n g
c r o p s c a l l e d " a d i a l l e l s e l e c t i v e mating
system" has been proposed by Jensen (1970)
( F i g u r e 4 ) . T h i s procedure p r o v i d e s ( a ) f o r
u s i n g a s e l e c t e d group o f p a r e n t s , (b) c o n t i n -
u a l I n t r o g r e s s i o n of new germplasm as d e s i r e d ,
( c ) o p p o r t u n i t y f o r m u l t i p a r e n t a l gene recom-
b i n a t i o n , (d) c o n t i n u a l upgrading o f t h e
d e s i r e d gene f r e q u e n c i e s i n t h e b u l k popula-
t i o n , and (e) c o n t i n u e d r e c o m b i n a t i o n among
s e l e c t e d genotypes. A d d i t i o n a l l y , it p r o v i d e s
a n i n s t a n t g e n o t y p i c pool f o r s e l e c t i o n o f
v a r i e t i e s . With t h i s method, a l l p o s s i b l e
b i p a r e n t a l combinations are made among n 
s e l e c t e d p a r e n t s , and depending upon t h e
number o f F 1's, a d i a l l e l o r p a r t i a l d i a l l e l
s e t of crosses would be made among t h e F 1's.
The s e t o f crosses among F1's would be tr i e
m a t e r i a l f o r I n i t i a t i o n o f a b r e e d i n g popula-
t i o n .
The p o p u l a t i o n would be propagated i n t o
t h e F 2, when some forms o f mass and v i s u a l
s e l e c t i o n would be a p p l i e d , and s u b s e q u e n t l y ,
many random crosses would be made among
s e l e c t e d F2 p l a n t s . Mass and v i s u a l s e l e c t i o n
w i t h i n t e r c r o s s i n g among s e l e c t e d p l a n t s c o u l d
be c o n t i n u e d 1n every g e n e r a t i o n or every
second g e n e r a t i o n t o maximize h e t e r o z y g o s i t y ,
c r o s s i n g o v e r , and r e c o m b i n a t i o n among a l l e l e s
a t l i n k e d l o c i from the m u l t i p a r e n t a l m a t r i x .
Of c o u r s e , resources and personnel a v a i l a b l e
t o t h e breeder would determine t h e amount o f
h y b r i d i z i n g t h a t c o u l d be done in such a 
program. T h i s method has n o t y e t been t e s t e d
f o r i t s e f f i c i e n c y o r e f f i c a c y . I t p r o v i d e s
a n ever p r e s e n t pool f r o m which to s e l e c t pure
l i n e v a r i e t i e s , and o p p o r t u n i t y e x i s t s t o
a d j u s t t h e germplasm base by i n t r o g r e s s i o n at
any t i m e .
Experiments with Cereals
Over time, a number of very significant
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changes have o c c u r r e d 1n p l a n t b r e e d i n g
methodologies f o r s e l f - f e r t i l i z i n g species a s
e x e m p l i f i e d b y s t u d i e s w i t h c e r e a l g r a i n s .
For h i g h l y h e r i t a b l e (and u s u a l l y s i m p l e -
i n h e r i t e d ) t r a i t s , p e d i g r e e s e l e c t i o n and
b i p a r e n t a l r e c o m b i n a t i o n were adequate to meet
t h e improvement needs. Experience soon
d i c t a t e d , however, t h e needs f o r m u l t i p a r e n t a l
r e c o m b i n a t i o n o f genes and t h e a v a i l a b i l i t y o f
v e r y l a r g e numbers o f segregates. M u l t i p l e
c r o s s i n g w i t h i t s m o d i f i c a t i o n s and b u l k -
p o p u l a t i o n p r o p a g a t i o n answered these needs.
U l t i m a t e l y , i t became obvious t h a t t h e greatest
g a i n c o u l d b e had i n p l a n t b r e e d i n g i f recom-
b i n a t i o n , i n s t e a d o f b e i n g random, o c c u r r e d
among s e l e c t e d genes, and r e c u r r e n t s e l e c t i o n
was t h e obvious answer to t h i s need. T h i s
p r o c e d u r e , of c o u r s e , amalgamated t h e two
phases o f p l a n t b r e e d i n g ( i . e . , c r e a t i o n o f
g e n e t i c v a r i a t i o n and s e l e c t i o n ) i n t o a c y c l i c
continuum. The d i a l l e l s e l e c t i v e m a t i n g
system amalgamates a l l phases i n p l a n t breeding
i n t o a dynamic system in which t h e b r e e d i n g
p o p u l a t i o n i s f l u i d w i t h r e s p e c t t o germplasm
q u a l i t y and t h e r e i s ample o p p o r t u n i t y f o r
s e l e c t i o n . Remaining, however, a r e two prob-
lems: (a) how to o b t a i n mass c r o s s i n g , and
( b ) how to o b t a i n more r e c o m b i n a t i o n among
a l l e l e s a t l i n k e d l o c i .
Backcrossing and
Multiline Varieties
B a c k c r o s s i n g i s a s p e c i a l t e c h n i q u e t h a t
has been a p p l i e d e x t e n s i v e l y f o r b r e e d i n g s e l f -
f e r t i l i z i n g c r o p s . This t e c h n i q u e , f i r s t
proposed by H a r l a n and Pope ( 1 9 2 2 ) , u s u a l l y 1s
used t o r e p l a c e a n a l l e l e a t a l o c u s t h a t
c o n d i t i o n s t h e q u a l i t a t i v e i n h e r i t a n c e o f a 
t r a i t . I t has been used most e x t e n s i v e l y t o
add genes t h a t c o n d i t i o n r e s i s t a n c e t o a 
d i s e a s e t o a n a l r e a d y e l i t e v a r i e t y . B r i g g s
and A l l a r d (1953) l i s t t h e f o l l o w i n g r e q u i -
s i t e s f o r a s u c c e s s f u l b a c k c r o s s i n g program:
( a ) e x i s t e n c e o f a s a t i s f a c t o r y r e c u r r e n t
p a r e n t v a r i e t y ,
( b ) h i g h e x p r e s s i v i t y b y t h e a l l e l e b e i n g
added,
( c ) a s i m p l e t e s t i n g t e c h n i q u e f o r
d e t e c t i n g t h e added a l l e l e ,
( d ) r e c o v e r y o f t h e r e c u r r e n t genotype 1 n
a reasonable number of g e n e r a t i o n s .
E x p e r i m e n t s w i t h C e r e a l s
A t t h e C a l i f o r n i a Experiment S t a t i o n .
267
U.S.A., t h e wheat b r e e d i n g program was based
e x c l u s i v e l y o n b a c k c r o s s i n g f o r s e v e r a l
decades. The C a l i f o r n i a b a c k c r o s s i n g program
t o improve B a r t t v a r i e t y o f wheat i s shown 1 n
Table 6. The b a s i c v a r i e t a l genotype was not
changed over a p e r i o d of more t h a n two dec-
ades. D u r i n g t h i s p e r i o d , a l l wheat improvement
was devoted to removing a few g e n o t y p i c l e -
s i o n s ( e . g . , b u n t s u s c e p t i b i l i t y , stem r u s t
s u s c e p t i b i l i t y , e t c . ) f r om B a r t t and t o
changing t h e awnedness and g r a i n c o l o r . A 
s i m i l a r s t o r y e x i s t e d f o r b a r l e y improvement
in C a l i f o r n i a . Unless a breeder has a v e r y
e x c e p t i o n a l r e c u r r e n t genotype, however, i t i s
q u e s t i o n a b l e whether b a c k c r o s s i n g alone i s a n
adequate b r e e d i n g procedure f o r keeping v a r i -
e t i e s o f a c r o p species s u f f i c i e n t l y c u r r e n t
f o r t h e ever-changing s i t u a t i o n i n a g r i c u l -
t u r a l p r o d u c t i o n .
Backcrossing with Small Grains
B a c k c r o s s i n g i s b e i n g used c u r r e n t l y i n
t h e b r e e d i n g o f m u l t i l i n e v a r i e t i e s o f s e l f -
f e r t i l i z i n g small g r a i n s ( F r e y e t a l . , 1973).
A m u l t i l i n e v a r i e t y i s a p r e s c r i b e d m i x t u r e o f
i s o l i n e s , a l l o f which are a g r o n o m i c a l l y
s i m i l a r b u t each of which c a r r i e s a unique and
d i f f e r e n t a l l e l e f o r r e s i s t a n c e t o a s p e c i f i c
d i s e a s e . The i s o l l n e s a r e c r e a t e d by back-
c r o s s i n g r e s i s t a n c e genes i n d i v i d u a l l y i n t o
one r e c u r r e n t parent v a r i e t y . I n t h e Iowa
m u l t i l i n e b r e e d i n g p r o j e c t w i t h o a t s , w e
backcross f i v e times (see Table 7 ) t o t h e
r e c u r r e n t p a r e n t t o c r e a t e a n i s o l i n e w i t h a 
s p e c i f i c gene f o r v e r t i c a l r e s i s t a n c e t o crown
r u s t (caused by P u c c i n i a c o r o n a t a Cda. v a r .
avenae Fraser and Led).
Multiline Breeding
B r e e d i n g m u l t i l i n e v a r i e t i e s o f s e l f -
f e r t i l i z i n g crops is s e v e r a l decades o l d i n
co n c e p t , b u t very r e c e n t in p r a c t i c a l a p p l i c a -
t i o n . A m u l t i l i n e v a r i e t y i s bred t o meet t h e
s p e c i f i c hazards f r o m a "crowd" d i s e a s e ; i . e . ,
a d i s e a s e caused by a pathogen t h a t c o n t a i n s
p h y s i o l o g i c races and t h a t can b e e x p l o s i v e i n
i t s b u i l d u p . Crown r u s t disease o f o a t s i s
caused by such a pathogen. Several hundred
p h y s i o l o g i c races o f P u c c i n i a c o r o n a t a avenae
have been d i s c o v e r e d . The organism has a 
g e n e r a t i o n t i m e o f e i g h t t o t e n days, and
p u s t u l e numbers on a s u s c e p t i b l e f i e l d o f oats
i n c r e a s e a t t h e r a t e o f 50% per day.
Because t h e v e r t i c a l r e s i s t a n c e genes o f
o a t s g i v e near immunity t o some races o f t h e
pathogen and complete s u s c e p t i b i l i t y t o o t h e r s ,
use o f a pure l i n e o a t c u l t i v a r w i t h one
r e s i s t a n c e gene causes i n t e n s e s e l e c t i o n among
r a c e s . Soon, t h e p o p u l a t i o n o f crown r u s t
spores becomes u n i f o r m f o r t h a t r a c e o r s e t o f
races t h a t i s v i r u l e n t o n t h e v a r i e t y b e i n g
grown. T h i s causes t h e once r e s i s t a n t v a r i e t y
t o l o s e i t s u s e f u l n e s s f o r a g r i c u l t u r a l
p r o d u c t i o n i n crown r u s t environments. Stevens
and S c o t t (1950) e s t i m a t e d t h a t t h e crown r u s t
r e s i s t a n c e o f a pure l i n e o a t v a r i e t y would
l a s t f o r o n l y two t o f i v e y e a r s i n t h e c o r n
b e l t o f U.S.A.
Multiline Efficiency for
Crown Rust
M u l t i l i n e v a r i e t i e s have s e v e r a l advan-
tages over pure l i n e v a r i e t i e s i n c o m b a t t i n g
crown r u s t . The m u l t i l i n e v a r i e t y 1 s
heterogeneous f o r crown r u s t r e s i s t a n c e genes,
so t h e p l a n t p o p u l a t i o n p r o v i d e s a degree of
s u s c e p t i b i l i t y t o e v e r y r a c e i n t h e pathogen
p o p u l a t i o n . Every p l a n t i s s u s c e p t i b l e t o one
or a s m a l l p r o p o r t i o n of t h e r a c e s , b u t no
p l a n t i s s u s c e p t i b l e t o a l l races o f t h e p a t h -
ogen p o p u l a t i o n . The p r a c t i c a l r e s u l t s w i t h a 
m u l t i l i n e v a r i e t y a r e t w o f o l d : ( a ) t h e u s e f u l
l i f e o f a m u l t i l i n e v a r i e t y ( i . e . , r e l a t i v e t o
crown r u s t ) s h o u l d be much l o n g e r t h a n t h e two
t o f i v e y e a r s Stevens and S c o t t (1950) found
f o r pure l i n e v a r i e t i e s , and ( b ) t h e b u i l d u p
o f t h e pathogen and t h e disease i t causes i s
much l o w e r i n a m u l t i l i n e t h a n i n a s u s c e p t i -
b l e o a t v a r i e t y .
W i t h r e s p e c t t o p o i n t ( a ) , m u l t i l i n e
v a r i e t i e s o f o a t s have n o t been 1 n a g r i c u l t u r a l
p r o d u c t i o n s u f f i c i e n t l y l o n g t o p r o v i d e a n
e s t i m a t e o f how many y e a r s t h e i r r u s t r e s i s -
t a n c e w i l l b e u s e f u l . M u l t i l i n e E and
M u l t i l i n e M v a r i e t i e s o f o a t s were r e l e a s e d t o
c o r n b e l t farmers i n 1968, and t o d a t e ( i . e . ,
t h r o u g h 1974) t h e r e is no o b s e r v a b l e decrease
i n t h e i r l e v e l s o f r e s i s t a n c e t o n a t u r a l l y
o c c u r r i n g crown r u s t d i s e a s e .
Multiline - Rust Experiments
W e do.have r a t h e r d e f i n i t i v e I n f o r m a t i o n ,
however, about t h e e f f e c t t h a t m u l t i l i n e
v a r i e t i e s have upon t h e pathogen b u i l d u p i n a 
growing c r o p o f o a t s . R e s u l t s f r o m a t y p i c a l
experiment conducted by Cournoyer (1970) to
measure pathogen i n c r e a s e i n f i e l d s o f o a t s
sown t o s u s c e p t i b l e and m u l t i l i n e v a r i e t i e s
a r e shown i n F i g u r e 5. I n t h i s e x p e r i m e n t .
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Table 6. Outline of Backcross Program to Improve Bartt Variety of Wheat. Briggs and Allard 1953
V a r i e t y d e s i g n a t i o n
B a r t t 35*
B a r t t 38
B a r t t 4 6
Awnless B a r t t
B a r t t 52
B a r t t 54
Ped ig ree
M a r t i n x B a r t t 7
Hope x B a r t t 7 2 x 
B a r t t 35
B a r t t 38 x B a r t t 2
Onas x B a r t t 1 1
Red Se ln f r o m B a r t t 38 x 
B a r t t 38 2 2 x B a r t t 46
B a r t t 46 x B a r t t 2
Purpose
Loose-smut r e s i s t a n c e
S t e m - r u s t r e s i s t a n c e
More s t e m - r u s t r e s i s t a n c e
Awnlessness
Red k e r n e l c o l o r
I n t e n s i f y B a r t t t r a i t s
*Des igna tes y e a r o f r e l e a s e o f improved B a r t t .
Table 7. Accession and C . I . Numbers and Parentage of Isolines Used in Multiline M Varieties of Oats. Frey and
Browning 1973






X 4 2 4 I I I
X447
X499I
X 4 7 5 I I
X765












CI 7555 6 x C e i r c h du Bach
CI 7555 6 x CI 8079
CI 7555 6 x CI 8001
CI 75556 x V i c t o r g r a i n 48-93
CI 7555° x Ascencao
CI 7555 6 x Ascencao
CI 7555 4 3 x Bonkee 2 x CI 7154 x 
CI 7171
CI 7555 6 x CI 6665
CI 7555 6 x CI 8078
CI 7555 5 2 x C l i n t o n x CI 8081
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Figure 6: Relative Cumulative Counts of Crown Rust
Spores Col lected Outside of Plots Sown to
Susceptible and Mul t i l ine Var ie t ies of
Oats that had been Inoculated wi th Four
Races (Coumoyer, 1970)
f o u r crown r u s t races were used, t h e p l o t s i z e
was 16 x 16 m, and p r o f u s e l y s p o r u l a t i n g
p l a n t s were t r a n s p l a n t e d a t f o u r s i t e s ( t h r e e
m f r o m each c o r n e r ) in each p l o t . The
t e c h n i q u e r e s u l t e d in an e x t r e m e l y heavy
e p i p h y t o t i c t h a t k i l l e d t h e s u s c e p t i b l e v a r i -
e t y more p r e m a t u r e l y t h a n t h e c u m u l a t i v e
spore y i e l d would i n d i c a t e . The m u l t i l i n e
c u l t i v a r y i e l d e d 25% as many spores as t h e
s u s c e p t i b l e one, and when spore c o l l e c t i o n s
were t e r m i n a t e d by crop m a t u r i t y on J u l y 15,
t h e r e was n o s u g g e s t i o n t h a t spore y i e l d f r o m
t h e m u l t i l i n e c u l t l v a r had reached a p l a t e a u .
F u r t h e r m o r e , a l l f o u r o f t h e races r e l e a s e d
i n t o t h e m u l t i l i n e p l o t s were s t i l l p r e s e n t a t
t h e end o f t h e season.
M u l t i l i n e v a r i e t i e s f o r s e l f - f e r t i l i z i n g
s p e c i es a r e d e s i r a b l e o n l y f o r c e r t a i n a g r i -
c u l t u r a l p r o d u c t i o n s i t u a t i o n s . They a r e
designed s p e c i f i c a l l y t o combat pathogens w i t h
v a r i a b l e v i r u l e n c e and t h e i r development and
r e l e a s e i s j u s t i f i e d o n l y f o r p r o d u c t i o n areas
where a g i v e n disease is t h e major f a c t o r t h a t
l i m i t s c r o p p r o d u c t i o n . Because b a c k c r o s s i n g
1 s used t o develop t h e i s o l i n e s f o r a 
m u l t i l i n e v a r i e t y , t h e r e c u r r e n t p a r e n t may
n o t b e " u p - t o - d a t e " f o r agronomic t r a i t s .
USE OF EXOTIC GERMPLASM
Another t i m e l y t o p i c f o r d i s c u s s i o n i n
t h i s r e p o r t i s germplasm i n t r o g r e s s i o n . T h i s
t o p i c , o f c o u r s e , a p p l i e s t o b o t h c r o s s i n g and
s e l f i n g s p e c i e s . T o d a t e , r e a l l y e x o t i c
germplasm, e s p e c i a l l y f r o m weedy s p e c i e s , has
been used n e a r l y e x c l u s i v e l y as a source of
genes f o r i m p r o v i n g q u a l i t a t i v e l y i n h e r i t e d
t r a i t s , such as disease r e s i s t a n c e . Recent
data suggest t h a t q u a n t i t a t i v e l y i n h e r i t e d
t r a i t s can be improved by t h i s method, a l s o .
Several years ago, d u r i n g a r o u t i n e back-
c r o s s i n g program t o develop i s o l i n e s o f o a t s
t h a t v a r i e d b y genes c o n d i t i o n i n g r e s i s t a n c e
to crown r u s t d i s e a s e , Frey and Browning (1971)
d i s c o v e r e d t h a t some i s o l i n e s w i t h r u s t
r e s i s t a n c e a l l e l e s f r o m A. s t e r i l i s gave
s i g n i f i c a n t l y i n c r e a s e d y i e l d s when grown in 
r u s t f r e e e n v i r o n m e n t s . Avena s t e r i l i s is a 
weedy species o f o a t s c o l l e c t e d f r o m t h e
M e d i t e r r a n e a n a r e a . I t i s h e x a p l o i d , and i t
crosses r e a d i l y w i t h c u l t i v a t e d o a t s . T h i s
i n i t i a l " y i e l d gene" was d i s c o v e r e d i n two
g e n e t i c backgrounds o f c u l t i v a t e d o a t s , b u t t h e
gene has s i n c e been t r a n s f e r r e d t o f o u r
a d d i t i o n a l backgrounds.
Experimental Evidence
These o b s e r v a t i o n s l e d to a s t u d y done by
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Peter Lawrence c u r r e n t l y o n t h e ICRISAT s t a f f
(Lawrence 1974). He b u i l t 48 p o p u l a t i o n s
r e p r e s e n t i n g s i x l e v e l s o f i n t r o g r e s s i o n o f
A. s t e r i l i s germplasm, by b a c k c r o s s i n g i n t o
e i g h t b i p a r e n t a l c o m b i n a t i o n s . The p a r e n t a l
combinations r e p r e s e n t e d a l l crosses between
two A. s a t i v a and f o u r A. s t e r i l i s p a r e n t s .
He then t e s t e d 80 random l i n e s from each
p o p u l a t i o n in a f i e l d grown experiment and
found a decided degree of t r a n s g r e s s i v e segre-
g a t i o n f o r g r a i n y i e l d i n a l l g e n e r a t i o n s o f
I n t r o g r e s s i o n and f o r each p a r e n t a l combina-
t i o n ( F i g u r e s 6 and 7 ) . As one might expect,
however, t h e t r a n s g r e s s i v e segregates f o r
y i e l d Improvement were not n e c e s s a r i l y d e s i r -
a b l e f o r agronomic t r a i t s , so Lawrence
p r a c t i c e d s e l e c t i o n f i r s t f o r good l e v e l s o f
agronomic t r a i t s such a s m a t u r i t y , p l a n t
h e i g h t , h a r v e s t i n d e x , e t c . , and then assayed
t h e y i e l d i n g a b i l i t y o f l i n e s t h a t s u r v i v e d
t h e s e l e c t i o n f o r agronomic t r a i t s . The
y i e l d s o f t h e s u r v i v i n g l i n e s a r e shown 1 n
F i g u r e s 8 and 9. Note t h a t , even though many
F2 and BC1F2 segregates had s u p e r i o r y i e l d s ,
few t o none o f them s u r v i v e d t h e s e l e c t i o n f o r
agronomic t r a i t s . The r e s u l t was t h a t the
l i k e l i h o o d o f r e c o v e r i n g good A . s a t i v a l i n e s
w i t h improved y i e l d f r o m A . s t e r i l i s sources
was most e a s i l y accomplished b y s e l e c t i n g i n
B c 2 t o Bc 4, a t which stages t h e expected
p r o p o r t i o n o f A. s t e r i l i s germplasm was
between 12% and 3%. 
T h i s p a r t i c u l a r model u s i n g A. s a t i v a and
A. s t e r i l i s seems t o i l l u s t r a t e s e v e r a l s i g n i f -
i c a n t p o i n t s : ( a ) genes f o r i m p r o v i n g q u a n t i -
t a t i v e l y i n h e r i t e d t r a i t s i n c u l t i v a t e d spe-
c i e s may b e found i n s t r a i n s o f t h e i r weedy,
and perhaps w i l d , r e l a t i v e s ; ( b ) a s suggested
b y MacKey i n h i s essay o n m u l t i p l e c r o s s e s , i t
is necessary to i n t r o g r e s s l e s s than 50% of
weedy o r w i l d germplasm i n t o t h e b r e e d i n g
p o p u l a t i o n t o r e c o v e r t h e a l r e a d y p r e s e n t
background o f d e s i r a b l e genes i n t h e agronomic
v a r i e t i e s ; and ( c ) some evidence suggests t h a t
s p e c i f i c combining a b i l i t y e x i s t s among
A. s a t i v a x A . s t e r i l i s l i n e s .
Our s i t u a t i o n w i t h oats may be unique. I 
b e l i e v e t h a t t h e d i s t a n c e o f g e n e t i c divergence
between c u l t i v a t e d and weedy species may some-
time s be e i t h e r t o o g r e a t o r t o o " l i t t l e t o f i t
t h e model Lawrence researched. The o a t species
he used have been g e o g r a p h i c a l l y i s o l a t e d f o r
2000 y e a r s , w i t h l i t t l e o p p o r t u n i t y f o r gene
f l o w between them. However, chromosomal
e v o l u t i o n ( i . e . , s t r u c t u r a l rearrangements o f
chromosomes) seemingly has not been g r e a t 1n
e i t h e r s p e c i e s . I do not know whether pigeon-
peas o r chickpeas have e x o t i c r e l a t i v e s t h a t
might form s i m i l a r models. For a weedy or
w i l d species t o have v a l u e f o r i m p r o v i n g a 
r e l a t i v e c u l t i v a t e d s p e c i e s , i t would have
e v o l v e d n e i t h e r t o o c l o s e nor t o o d i s t a n t i n
r e l a t e d n e s s . Probably maize and t e o s i n t e
r e p r e s e n t a s i t u a t i o n s i m i l a r t o t h e one w i t h
A. s t e r i l i s x A. s a t i v a .
OTHER BREEDING CONCEPTS
Time w i l l not p e r m i t me t o go i n t o d e t a i l
about b r e e d i n g f o r m i x i n g a b i l i t i e s , o r f o r
i d e o t y p e s i n s e l f - f e r t i l i z i n g c r o p s p e c i e s ,
b u t these are two new t e c h n i q u e s on which d a t a
are a c c u m u l a t i n g . Perhaps these can be made
t h e theme o f a paper o r two f o r some f u t u r e
symposium and workshop on b r e e d i n g s e l f -
f e r t i l i z i n g s p e c i e s .
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Figure 6. Frequency Distributions for Grain Yield, for All Generations and All Crosses Involving the
C. I . 7463 A., sativa Recurrent Parent and Four A. sterilis Accessions: 1 = B442, 2 = B443,
3 = B444, and 4 = B445. [[Black areas denote transgressive segregates (Lawrence and
Frey, 1974)]
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Figure 7. Frequency Distributions for Grain Yiald, for All Generations and All Crosses Involvingthe
C.I.8044 A. sativa Recurrent Parent and Four A_. steriiis Accessions: 1 = B442, 2 = B443,
3 = B444, and 4 - B44S. [BIack areas denote transgressive segregates (Lawrence and
Frey, 1974) ] 
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Figure 8. Frequency Distributions for Grain Yields of Lines that have Suitable Agronomic Traits, for
All Generations and All Crosses Involving the C. I. 7-63 A. sativa Recurrent Parent and
Four A. sterilis Accessions: 1 = 8442. 2 = 8443. 3 = 8444, and 4 = B445. [Black areas denote
transgressive segregates (Lawrence, 1974) 1 
GRAIN Y I E L D ( q / h a )
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Figure 9. Frequency Distributions for Grain Yields of Lines that have Suitable Agronomic Traits, for
All Generations and All Crosses Involving the C. I. 8044 A. sativa Recurrent Parent and
Four A. sterilis Accessions: 1 = B442, 2 = B443, 3 = B444, and 4 = B445. [ Black areas
denote transgressive segregates (Lawrence, 1974).]
GRAIN Y I E L D ( q / h a )
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DISCUSSION
I wou ld b e i n t e r e s t e d t o see t h e i n t r o g r e s s i o n o f e x o t i c germplasm
t r i e d i n c h i c k p e a .
I f e e l t h e r e i s a tendency 1n b r e e d e r s t o work i n s e l f - p o l l i n a t e d
c rops f r o m a nar row germplasm base . I t w i l l b e d e s i r a b l e t h a t
ICRISAT adop ts a comprehens ive scheme o f germplasm d i s t r i b u t i o n to
a l l c h i c k p e a w o r k e r s . Then o n l y w i t h l o c a l m a t e r i a l t h e l o c a l x 
e x o t i c c r o s s e s c o u l d be made.
I t e n d t o ag ree w i t h J a i n and M u r t y t h a t scope f o r y i e l d advances i n
t h e p u l s e s i s g r e a t , t h a t w e s h o u l d c o n c e n t r a t e i n u s i n g s i m p l y
i n h e r i t e d gene b l o c k s t o t a k e t h e b i g jumps a v a i l a b l e f o r improvement .
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Dr. Frey's paper is a comprehensive one
and covers most of t h e modern p l a n t b r e e d i n g
concepts and has c o n v i n c i n g l y shown t h e
s u c c e s s f u l a p p l i c a t i o n s o f these methods i n
s e l f - p o l l i n a t e d c r o p s , p a r t i c u l a r l y o a t s . I 
propose t o d i s c u s s t h e v a r i o u s aspects o f
Dr. Frey's p r e s e n t a t i o n w i t h p a r t i c u l a r
r e f e r e n c e t o c h i c k p e a and a l s o b r i e f l y t o
pigeonpea.
v a r i e t i e s has been r a t h e r s m a l l i n r e l a t i o n t o
t i m e s p e n t , except 1 n few cases. I t i s never-
t h e l e s s e n c o u r a g i n g t h a t t h e chickpea
v a r i e t i e s H 208, L 550 and H 355 emerged 1n
t h e A l l - I n d i a t r i a l s a s s t a b l e genotypes
though t h e y r e p r e s e n t o n l y a s m a l l advantage




F i r s t , i t may b e w o r t h w h i l e t o examine
b r i e f l y t h e p l a n t b r e e d i n g e f f o r t s so f a r made
i n I n d i a .
T o s t a r t w i t h , a few v a r i e t i e s were
e v o l v e d i n d i f f e r e n t p a r t s o f t h e c o u n t r y a s
s i n g l e p l a n t s e l e c t i o n s f r o m l o c a l b u l k s .
I n t e r v a r i e t a l h y b r i d i z a t i o n , as a means t o
c r e a t e new v a r i a t i o n was begun in t h e 1940's,
r e s u l t i n g i n development o f a few i m p o r t a n t
v a r i e t i e s l i k e C 1234 and C 235 which were
r e s i s t a n t to Ascochyta b l i g h t , T 87, C 214
and G 130 which were r e l a t i v e l y h i g h e r y i e l d -
i n g and C 104 and Barachana which were s p e c i a l
purpose t y p e s , meant f o r c u l i n a r y p r e p a r a t i o n
as whole seed — t h e f o r m e r b e i n g K a b u l i and
t h e l a t t e r green seeded. The above list o f
v a r i e t i e s need n o t c r e a t e t h e i m p r e s s i o n o f
s i g n i f i c a n t advances p a r t i c u l a r l y as some o f
these e x i s t e d f o r about 3 0 years and a l s o
because t h e y a r e s p e c i f i c a l l y adapted t o
d i f f e r e n t r e g i o n s i n I n d i a .
Even today most o f t h e breeders t r y t o
u t i l i z e 1n a c o n v e n t i o n a l manner p r o d u c t s o f
s i n g l e c r o s s e s . However t h e y have t h e advan-
tage t h a t s e l e c t i o n o f p a r e n t s i n these
crosses was not based on eye s e l e c t i o n or t h e
per se performance b u t on more s o l i d g e n e t i c
f o u n d a t i o n s , v i z . , t h e g.c.a. e s t i m a t e s i n
r e s p e c t o f these l i n e s . Yet a l s o , t h e advance
over e x i s t i n g y i e l d l e v e l s o f improved
The background i n f o r m a t i o n p r e s e n t e d
above s h o u l d serve t o show how i m p e r a t i v e i t
i s t o i n t e n s i f y p u r p o s e f u l b r e e d i n g e f f o r t s
w i t h a view t o o b t a i n s i g n i f i c a n t y i e l d ad-
vance and a l s o to s t a b i l i z e it. Dr. Frey's
paper focuses a t t e n t i o n on a number of e x c e l -
l e n t schemes which can be advantageously
a p p l i e d to chickpea and pigeonpea. The
emphasis on m u l t i p l e crosses w i t h a view to
c r e a t i n g g e n e t i c v a r i a b i l i t y i s n o t e w o r t h y .
There i s i n f a c t evidence w i t h u s t o show
t h a t i n c h i c k p e a , use o f double crosses
y i e l d e d a h i g h e r e s t i m a t e o f expected g e n e t i c
g a i n t h a n s i n g l e crosses and i t was a t t r i b u t e d
t o g r e a t e r y i e l d o f g e n o t y p i c v a r i a t i o n i n t h e
double c r o s s p o p u l a t i o n . However, t h e l i m i t a -
t i o n o f a c h i e v i n g h i g h p o p u l a t i o n s i z e r e -
q u i r e d i n quadruple and l a t e r g e n e r a t i o n s
become r a t h e r d i f f i c u l t i n c h i c k p e a s , where i n
s p i t e o f v e r y i n t e n s i v e e f f o r t s , r e a l i z a t i o n
o f crossed seeds i s e x t r e m e l y l i m i t e d . I n
pigeonpea, however, t h e i d e n t i f i c a t i o n o f male
s t e r i l e s o f f e r s a more h o p e f u l avenue f o r
u t i l i z i n g t h e t e c h n i q u e . The m u l t i p l e c r o s s
b u l k p o p u l a t i o n w i l l o f f e r s t r o n g p o s s i b i l -
i t i e s o f i d e n t i f y i n g u s e f u l genotypes i n
d i f f e r e n t ecogeographic areas.
I t i s v e r y i n t e r e s t i n g t h a t Dr. Frey has
g i v e n a good i l l u s t r a t i o n o f t h e i n d i r e c t g a i n
i n y i e l d b y s e l e c t i n g f o r h i g h e r seed s i z e i n
o a t s . I n d o i n g s o h e has e f f e c t i v e l y r e -
emphasized t h e importance o f augmenting
s e l e c t i o n c r i t e r i a i n t h e endeavor f o r y i e l d
improvement.
1 D i v i s i o n o f Genetics and P l a n t P h y s i o l o g y , C e n t r a l S o i l S a l i n i t y Research I n s t i t u t e , K a r n a l ,
Haryana, I n d i a
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Selection/Variation
in Chickpea and Pigeonpea
I t i s v e r y i m p o r t a n t t o l a y s p e c i a l
emphasis o n s e l e c t i o n s i m u l t a n e o u s w i t h c r e a t -
i n g t h e v a r i a t i o n i n b o t h chickpea and p i g e o n -
pea. There is a s e r i o u s problem of a d a p t a t i o n
e s p e c i a l l y o f t h e e x o t i c c h i c k p e a germplasm,
p a r t i c u l a r l y t h e K a b u l i ones. A t t h e same
t i m e , Kabuli t y p e s a r e g e n e t i c a l l y d i v e r s e
r e l a t i v e t o Deshi ones. I t i s t h e r e f o r e
proposed t h a t K a b u l i x Deshi c r o s s e s may f i r s t
be handled by Mackey's m o d i f i e d b a c k c r o s s i n g
program b e f o r e b e i n g employed i n m u l t i p l e
c r o s s system. A t t h i s p o i n t , however, I 
s h o u l d s t a t e t h a t t h e r e i s n o b a s i s t o assume
any c r o s s a b i l i t y b a r r i e r s between Deshi and
K a b u l i ones.
Diallel Selective
Mating System
Jensen's scheme o f d i a l l e l s e l e c t i v e
m a t i n g system has been g r e a t l y emphasized by
Dr. Frey and I have no doubt t h a t t h i s system,
p o s s i b l y w i t h some m o d i f i c a t i o n s would be
b e n e f i c i a l t o both chickpea and pigeonpea.
What i s s i g n i f i c a n t i n t h i s scheme i s t h e
c r o s s i n g o f s e l e c t e d F 2 p l a n t s r e s u l t i n g f r o m
F1 d i a l l e l matings. I may as w e l l mention
here t h a t in 1968 and 1969, we conducted l a r g e
s c a l e c r o s s i n g o f F 2 p l a n t s i n s e v e r a l c h i c k -
pea crosses and d i s c o v e r e d a m u l t i f o l d
i n c r e a s e i n g e n o t y p i c v a r i a t i o n i n these p r o -
g e n i e s a s compared t o t h e i r s e l f e d p r o g e n i e s .
I t was a l s o found t h a t among p r o g e n i e s o f F 2
p l a n t s c r o s s e d , those f l o w i n g f r o m s e l e c t e d
p l a n t s had g r e a t e r mean performance and a l s o
as much g e n e t i c v a r i a t i o n as those f r o m
randomly crossed p l a n t s .
Results
I t may b e o f i n t e r e s t t h a t t h i s
t e c h n i q u e r e s u l t e d i n b r e a k i n g t h e u n d e s i r a b l e
n e g a t i v e a s s o c i a t i o n o f seed s i z e and y i e l d .
Progenies o f c e r t a i n F 2 matings have y i e l d e d
as h i g h a p o s i t i v e c o r r e l a t i o n between t h e s e
c h a r a c t e r s a s 0.89. T h i s a l s o i l l u s t r a t e s t h e
p o i n t made by Dr. Frey, t h a t g r e a t e s t g a i n s
c o u l d b e made i f r e c o m b i n a t i o n o c c u r r e d among
s e l e c t e d genes r a t h e r t h a n b e i n g random. I 
have t h e r e f o r e no doubt about t h e u t i l i t y o f
Jensen's procedure i n i t s a p p l i c a t i o n p a r t i -
c u l a r l y t o c h i c k p e a . I m i g h t a l s o mention
t h a t chromosome s i z e o f c h i c k p e a i s v e r y s m a l l
and i t s average chiasmata f r e q u e n c y , perhaps
among t h e l o w e s t i n c r o p p l a n t s . Thus, i n t e n
s i v e a s w e l l a s e x t e n s i v e e f f o r t s would have
t o be made t o overcome l i n k a g e b a r r i e r s .
Backcrossing
I agree w i t h Dr. Frey t h a t b a c k c r o s s i n g
s h o u l d f o r m an i m p o r t a n t phase of improvement
program i n s e l f - p o l l i n a t e d c r o p s . I f u r t h e r
agree w i t h t h e m u l t i l i n e concept p a r t i c u l a r l y
when composite r e s i s t a n c e tends t o be d i f f i -
c u l t t o a c h i e v e . I n c h i c k p e a s o n l y one donor
seems t o e x i s t a t p r e s e n t f o r composite
r e s i s t a n c e t o Ascochyta b l i g h t . T h i s v a r i e t y
(P 1528-1) o r i g i n a t e d in I s r a e l . However,
r e s i s t a n c e t o some races o f t h i s d i s e a s e
happens t o b e p r e s e n t i n a t l e a s t two o t h e r
v a r i e t i e s : C 727 ( P a k i s t a n ) and C 235 ( I n d i a ) .
Even i f composite r e s i s t a n c e f r o m t h e I s r a e l
source 1s t r a n s f e r r e d to a g i v e n agronomic
base, it would be s t i l l d e s i r a b l e t o i m p a r t
a b i l i t y f o r m u l t i p l e r e s i s t a n c e ( h o r i z o n t a l )
t o t h e p o p u l a t i o n s .
Wilt in Chickpea
I t i s u n f o r t u n a t e t h a t v e r y l i t t l e i s
known about w i l t d i s e a s e o f c h i c k p e a . However
i t i s n o t d i f f i c u l t t o v i s u a l i z e t h a t pathogen
would p l a y a l e a d i n g r o l e even when some
a g r o c l i m a t i c f a c t o r s a r e known t o p r e d i s p o s e
c h i c k p e a t o h i g h e r i n c i d e n c e o f w i l t d i s e a s e .
Inadequacy o f s o i l m o i s t u r e and h i g h
t e m p e r a t u r e s a t p l a n t i n g o r f r u i t f o r m a t i o n
a r e i m p o r t a n t t o w i l t i n f e c t i o n . These f a c t s
have t o b e accounted f o r i n a w i l t r e s i s t a n c e
program o f c h i c k p e a .
Specific Problems for Cicer
Dr. Frey's i l l u s t r a t i o n of A. s a t i v a x 
A . s t e r i l i s c r o s s y i e l d i n g t r a n s g r e s s i v e
s e gregates f o r y i e l d i s v e r y i m p r e s s i v e
i n d e e d . I n t h i s case t o o , emphasis o n back-
c r o s s i n g t o c u l t i v a t e d race i s s i g n i f i c a n t .
H e has r i g h t l y p o i n t e d o u t use o f t h i s
approach i n C i c e r o f which t h e c u l t i v a t e d
s p e c i e s a r i e t i n u m may b e n e f i t f r o m i t s c l o s e s t
ones p i n n a t i f i d u m or m i c r o f i l l u m . I may add
a g a i n i n t h i s r e g a r d t h a t even though t h e r e
i s g r e a t s i m i l a r i t y i n t h e chromosome comple-
280
ments o f t h e s e s p e c i e s , a chemical i n h i b i t o r ,
w h i c h is a p r o t e i n in n a t u r e , p r e s e n t s a 
c r o s s a b i l l t y b a r r i e r . However, o u r s t u d i e s
have shown t h a t t h e p r o t e i n b a r r i e r i s q u a n t i -
t a t i v e l y more e f f e c t i v e a t h i g h e r t e m p e r a t u r e s ,
s o t h a t crosses a t t e m p t e d a t lower temper-
a t u r e o r i n h i g h mountains o f Himalayas
a r e l i k e l y t o prove s u c c e s s f u l . O f course
p h y s i c a l o r a r t i f i c i a l means t o overcome
c r o s s a b i l l t y b a r r i e r s would c o n s t i t u t e a n o t h e r
approach i n r e a l i z i n g i n t e r s p e c i f i c crosses
o f C i c e r .
CONCLUSIONS
I t h i n k t h a t 1n t h e end I would
s p e c i f i c a l l y emphasize t h e a p p l i c a t i o n o f
Mackey's and Jensen's schemes to improvement
i n c h i c k p e a and pigeonpea and t o mention t h a t
t h e k i n d o f f a c i l i t i e s a v a i l a b l e a t ICRISAT
p r e s e n t a s t r o n g case f o r development o f
p o p u l a t i o n s which can be used f u r t h e r as
sources o f v a r i a t i o n and h o p e f u l l y t o o f o r
s e l e c t i o n o f s u p e r i o r genotypes i n d i f f e r e n t
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INTRODUCTION
P l a n t improvement i n s e l f - p o l l i n a t i n g
species l i k e t h e g r a i n legumes has been l a r g e l y
c o n f i n e d t o v a r i e t a l improvement methods based
on p e d i g r e e , b u l k p e d i g r e e , backcross and
m u l t i p l e c r o s s i n g t e c h n i q u e s . These methods
have been very u s e f u l in recombining s i m p l y
i n h e r i t e d c h a r a c t e r s a f f e c t i n g disease and
pest s u s c e p t i b i l i t y and v a r i o u s m o r p h o l o g i c a l
c h a r a c t e r s i n t o improved s t r a i n s and l i n e s .
More r e c e n t l y c r o s s i n g at t h e F 1 l e v e l and
s i n g l e seed descent ( B r i m 1966) have been
s t r e s s e d t o i n c r e a s e t h e r a t e o f r e c o m b i n a t i o n
and reduce t h e l o a d o f r e c o r d - k e e p i n g t h e r e b y
a l l o w i n g t h e breeder t o make and r e t a i n l a r g e r
numbers of r e c o m b i n a t i o n s . N e v e r t h e l e s s , even
w i t h these r e f i n e m e n t s , t r a d i t i o n a l v a r i e t a l
improvement methods have n o t been v e r y e f f i -
c i e n t f o r i m p r o v i n g q u a n t i t a t i v e l y i n h e r i t e d
c h a r a c t e r s l i k e seed y i e l d , o i l c o n t e n t ,
t o l e r a n c e o f s t r e s s e s and h o r i z o n t a l r e s i s t a n c e
t o diseases and i n s e c t s . Moreover, t h e
c r o s s i n g and r e c o r d - k e e p i n g procedures are
o f t e n b o t h cumbersome and t i m e consuming f o r
t h e r a t e o f progress a t t a i n e d .
There i s c o n s i d e r a b l e i n t e r e s t among
p r e s e n t day breeders in a p p l y i n g more e f f i -
c i e n t b r e e d i n g methods t o s e l f - p o l l i n a t e d
s p e c i e s l i k e t h e g r a i n legumes and c e r e a l s t o
Improve p r o d u c t i v i t y p o t e n t i a l s o f t h e s e crops
( J e n n i n g s 1974). One p o s s i b i l i t y is t h r o u g h
p o p u l a t i o n improvement u t i l i z i n g r e c u r r e n t
s e l e c t i o n t o accumulate d e s i r a b l e genes and
f a c i l i t a t e b r e a k i n g o f l i n k a g e s . This method
is s u b s t a n t i a l l y more e f f i c i e n t in b r e e d i n g
f o r q u a n t i t a t i v e l y i n h e r i t e d c h a r a c t e r s t h a n
c o n v e n t i o n a l v a r i e t a l improvement. However,
because o f t h e n e c e s s i t y f o r r e c o m b i n a t i o n
each c y c l e , t h i s system has been u t i l i z e d
p r i n c i p a l l y i n o u t c r o s s i n g s p e c i e s . More
r e c e n t l y - - w i t h i n t h e p a s t f i v e y e a r s — s o m e
r e c u r r e n t s e l e c t i o n schemes designed f o r s e l f -
p o l l i n a t e d crops and u t i l i z i n g b o t h hand
c r o s s i n g and o u t c r o s s i n g mechanisms l i k e male
s t e r i l i t y have been proposed [ D o g g e t t and
Ebe r h a r t (1968) Jensen (1970) Compton ( 1 9 7 0 ) ] .
Even mass s e l e c t i o n has been demonstrated to
b e u s e f u l i n s e l f - p o l l i n a t e d s p e c i e s w i t h a 
low l e v e l o f o u t c r o s s i n g p r o v i d e d t h a t t h e
a d d i t i v e component of g e n e t i c v a r i a n c e is
i m p o r t a n t (Redden and Jensen 1974).
PREVIOUS INVESTIGATIONS
P o p u l a t i o n improvement has been d e f i n e d
and d e s c r i b e d by Sprague (1966) as a f o r m of
b r e e d i n g designed f o r u t i l i z a t i o n o f a d d i t i v e
gene e f f e c t s , and i n c l u d e s a l l o p e r a t i o n s
w i t h i n a system i n which t h e end p r o d u c t i s a n
improved, s e x u a l l y propagated pure l i n e o r
random m a t i n g p o p u l a t i o n . The general f o r m u l a
f o r expected g a i n per c y c l e (G) f r o m s e l e c t i o n
is 6 = CHD where C is a f u n c t i o n of t h e breed-
i n g system used and is one when o n l y s e l e c t e d
p a r e n t s a r e i n v o l v e d i n t h e mating system and
1/2 when p o l l e n 1s random and s e l e c t i o n is on
t h e female p l a n t o n l y ; H is h e r i t a b i l i t y on an
i n d i v i d u a l p l a n t o r f a m i l y mean b a s i s depending
on the system used and is t h e p r o p o r t i o n of
p h e n o t y p i c v a r i a n c e among i n d i v i d u a l s o r
f a m i l i e s ( C 2 ) a t t r i b u t a b l e t o a d d i t i v e genetic
v a r i a n c e (O 2 g), i . e . H = O 2 g; and 0_ is t h e
s e l e c t i o n d i f f e r e n t i a l o r t h e mean o f t h e
s e l e c t e d group (Xs) minus t h e mean o f a l l t h e
i n d i v i d u a l s o r f a m i l i e s t e s t e d (X), which i n a 
1
 The I n t e r n a t i o n a l I n s t i t u t e o f T r o p i c a l A g r i c u l t u r e , Ibadan, N i g e r i a .
2
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n o r m a l l y d i s t r i b u t e d p o p u l a t i o n i s e x p e c t e d t o
be equa l to ; where k is t h e s t a n d a r d i z e d
s e l e c t i o n d i f f e r e n t i a l and 1 s a f u n c t i o n o f
p o p u l a t i o n s i z e and p r o p o r t i o n s e l e c t e d .
P h e n o t y p i c v a r i a n c e 1s dependent on t h e
b r e e d i n g sys tem u s e d . I n i n d i v i d u a l p l a n t
s e l e c t i o n , i t i s t h e t o t a l v a r i a n c e among
i n d i v i d u a l p l a n t s e v a l u a t e d . I n f a m i l y s e l e c -
t i o n i t 1 s dependent upon t h e d a t a u n i t a n -
a l y z e d and t h e number o f p l a n t s per p l o t ,
r e p l i c a t i o n s pe r l o c a t i o n , and t h e number o f
l o c a t i o n s used i n t h e e v a l u a t i o n . I f t o t a l
y i e l d pe r p l o t i s t h e d a t a u n i t a n a l y z e d ,
g e n e t i c component o f v a r i a n c e among f a m i l i e s ,
i s t h e f a m i l y ( g e n o t y p e ) and e n v i r o n m e n t a l
i n t e r a c t i o n componen t , 0 2 i s t h e e x p e r i m e n t
e r r o r , m i s t h e number o f l o c a t i o n and r i s
t h e number o f r e p l i c a t i o n a t each l o c a t i o n .
I f mean y i e l d p e r p l a n t i s a n a l y z e d
t h e p l o t component o f v a r i a n c e , 0 2 w i s t h e
w i t h i n p l o t component and n i s t h e number o f
p l a n t s per p l o t . I n t h e l a t t e r c a s e , t h e
e x p e r i m e n t a l e r r o r 1 s I t i s
n o t necessa ry t o c a l c u l a t e t h e v a r i a n c e among
p l a n t s w i t h i n p l o t s u n l e s s e s t i m a t e s o f
0 2 p and O 2 w a r e d e s i r e d . They a r e n o t needed t o
p r e d i c t e x p e c t e d p r o g r e s s f r o m f a m i l y s e l e c t i o n
b u t t h e y a r e needed t o p r e d i c t p r o g r e s s f r o m
i n d i v i d u a l p l a n t (mass) s e l e c t i o n .
e v a l u a t i o n can be i n c r e a s e d by broaden ing
t h e g e n e t i c base o f e l i t e g e n e t i c s t o c k s 1 n
t h e base p o p u l a t i o n — i . e . , u s i n g e l i t e m a t e -
r i a l s f r o m b r e e d i n g programs i n t h e m a j o r . 
c e n t e r s o f d i v e r s i t y f o r t h e c r o p . A f t e r
d e v e l o p i n g t h e p o p u l a t i o n , t h e method o f s e l e c -
t i o n d i r e c t l y i n f l u e n c e s t h e magn i t ude o f t h e
c o e f f i c i e n t o f 0 2 g i n mass s e l e c t i o n and S 1
s e l e c t i o n where whereas f o r S2 s e l e c -
t i o n s
S2 Testing
T h e o r e t i c a l l y , t h e most e f f i c i e n t scheme
on a p e r c y c l e b a s i s 1s S2 t e s t i n g because t h e
c o e f f i c i e n t o f t h e a d d i t i v e g e n e t i c component
o f v a r i a n c e 1 n t h e n u m e r a t o r o f t h e e x p e c t e d
g a i n e q u a t i o n i s l a r g e r a l t h o u g h t h e pheno typ ic
v a r i a n c e i n t h e d e n o m i n a t o r c o u l d a l s o b e some-
what l a r g e r s i n c e i n c r e a s i n g h o m o z y g o s i t y
tends t o r a i s e t h e geno type x e n v i r o n m e n t
i n t e r a c t i o n . Mass s e l e c t i o n does n o t r e a d i l y
p e r m i t p r e c i s i o n t e s t i n g o f i n d i v i d u a l s under
h i g h p o p u l a t i o n s t r e s s and t h e p h e n o t y p i c
v a r i a n c e i n t h i s method i s l i k e l y t o b e h i g h .
A l s o i n d i v i d u a l p l a n t s c a n n o t b e r e p l i c a t e d ,
b u t t h e i r S1 and S2 p r o g e n i e s can be f o r
b e t t e r e v a l u a t i o n . S1 and S2 t e s t i n g o f f e r
b e t t e r p r e c i s i o n f o r e s t i m a t i n g f a m i l y means
t h a n h a l f - s i b o r f u l l - s i b methods w i t h con-
sequen t r a p i d g e n e t i c g a i n I f t h r e e o r f o u r
g e n e r a t i o n s can b e o b t a i n e d i n a s i n g l e y e a r .
Constraints
Other Selection Methods 
Sprague (1966 ) has a l s o d e s c r i b e d f i v e
s e l e c t i o n methods d e s i g n e d p r i m a r i l y f o r
n a t u r a l l y o u t c r o s s i n g s p e c i e s o r where a r t i f i -
c i a l random m a t i n g can be imposed. S e v e r a l
m o d i f i c a t i o n s o f t h e s e schemes can be employed
depend ing o n t h e c r o p , g e n e r a t i o n s o b t a i n a b l e
p e r y e a r , and f a c i l i t i e s a v a i l a b l e , b u t o n l y a 
few o f t h e s e are p r a c t i c a l f o r p a r t i a l l y
o u t c r o s s i n g c r o p s w h i c h a r e l i s t e d b y Emp ig ,
e t a l . (1972) I n T a b l e 1 .
E b e r h a r t (1970) has p o i n t e d o u t ways t o
I n c r e a s e e f f i c i e n c y . F i r s t , t h e a d d i t i v e
g e n e t i c v a r i a n c e among f a m i l i e s under
A d a p t i n g p o p u l a t i o n improvement t o s e l f -
p o l l i n a t e d c rops l i k e g r a i n legumes i n v o l v e s
s e v e r a l d i f f i c u l t i e s — e s p e c i a l l y d u r i n g t h e
r e c o m b i n a t i o n g e n e r a t i o n . These i n c l u d e :
1 . Ted lousness i n mak ing handc rosses
2. Few numbers o f seeds p roduced p e r c ross
( 2 - 1 5 )
3 . Low r a t e o f n a t u r a l o u t c r o s s i n g
4 . Dependency o n i n s e c t s f o r t r a n s m i t t i n g
p o l l e n
5 . D i f f i c u l t i e s 1 n a s s e s s i n g f i e l d
p e r f o r m a n c e
These c o n s t r a i n t s impose s e v e r e l i m i t a -
t i o n s o n t h e number o f l i n e s t h a t can b e i n -
c l u d e d , t h e range o f g e n e t i c d i v e r s i t y t h a t
can b e sampled and t h e e x t e n t o f o u t s i d e
p a r t i c i p a t i o n t h a t i s p o s s i b l e . However ,
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Table 1. Selection Method for Population Improvement Schemes as Described by Sprague (1966) and Empig et a l .
(1972)
S e l e c t i o n Scheme
1 . Mass s e l e c t i o n based on fema le o n l y
2 . S 1 f a m i l y t e s t i n g and s e l e c t i o n
3 . S2 f a m i l y t e s t i n g and s e l e c t i o n
4 . F u l l - s i b f a m i l y t e s t i n g and s e l e c t i o n
5 . H a l f - s i b f a m i l y t e s t i n g and s e l e c t i o n
6 . T e s t c r o s s f a m i l y t e s t i n g and S1
f a m i l y s e l e c t i o n








k = s t a n d a r d i z e d s e l e c t i o n d i f f e r e n t i a l .
6 2 A = a d d i t i v e g e n e t i c v a r i a n c e i n t h e p a r e n t p o p u l a t i o n assumed t o b e m a t i n g a t random
and a t l i n k a g e e q u i l i b r i u m .
1 Assumes no i n d e p e n d e n t r e c o m b i n a t i o n phases . S e l e c t e d f a m i l i e s a r e recomb ined in such a 
way a s t o make new f u l l - s i b o r h a l f - s i b f a m i l i e s f o r t e s t i n g . W i t h a n i n d e p e n d e n t
r e c o m b i n a t i o n p h a s e , t h r e e g e n e r a t i o n s a re r e q u i r e d .
* I n t h e t w o - a l l e l e p e r l o c u s model o n l y when gene f r e q u e n c i e s a r e 0 . 5 o r when
t h e r e 1s no dominance . B iases when dominance e x i s t s o r when gene f r e q u e n c i e s a r e n o t
0 . 5 may n o t be l a r g e .
* * o n l y when gene f r e q u e n c i e s i n t h e t e s t e r p o p u l a t i o n a r e i d e n t i c a l t o t h o s e 1 n
t h e p o p u l a t i o n b e i n g t e s t e d .
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m o d i f i c a t i o n s i n r e c u r r e n t s e l e c t i o n methods
c o u p l e d w i t h improvements i n hand c r o s s i n g
t e c h n i q u e s or b r e a k t h r o u g h s in mating h a b i t s
( o u t c r o s s i n g mechanisms) can p r o v i d e a range
of o p t i o n s in p o p u l a t i o n improvement schemes.
Moreover, p l a n t b r e e d i n g in t h e t r o p i c s o f f e r s
y e a r round f i e l d growing c o n d i t i o n s w i t h
u n i f o r m l y s h o r t days. T h i s h e l p s s y n c h r o n i z e
f l o w e r i n g — a tremendous advantage in i m p l e - .
m e n t i n g t h e s e schemes. I n p r a c t i c a l t e r m s ,
f r o m two t o f o u r s u c c e s s i v e g e n e r a t i o n s per
y e a r are f e a s i b l e f o r most g r a i n legumes.
RECOMBINATION METHODS
The problem of o b t a i n i n g an adequate
number of crosses in t h e r e c o m b i n a t i o n phase
o f p o p u l a t i o n improvement i n s e l f - p o l l i n a t i n g
s p e c i e s l i k e t h e g r a i n legumes is a m a j o r
b a r r i e r t o a d o p t i n g t h e s e more e f f i c i e n t
b r e e d i n g systems. There a r e two methods of
c r o s s i n g : b y hand o r b y p o l l i n a t i n g i n s e c t s .
O u t c r o s s i n g mechanisms l i k e male s t e r i l i t y ,
d e l a y e d d e h i s c e n c e , and c o n s t r i c t e d p e t a l o r
p r o t o g y n y can prove a g r e a t boon to e i t h e r
p o l l i n a t i n g system. Hand c r o s s i n g is t e d i o u s
and some f o r m o f f r a c t i o n a l o r p a r t i a l d i a l l e l
c r o s s i n g system may be r e q u i r e d . On t h e o t h e r
hand, i n s e c t p o l l i n a t i o n , w h i l e e x t e n s i v e , i s
random and may be skewed toward c e r t a i n matu-
r i t i e s , g r e a t e r n e c t a r s e c r e t i o n , p o s i t i o n o f
t h e f l o w e r and o t h e r f a c t o r s . However,
t e c h n i q u e s have been developed or proposed
t h a t may h e l p overcome most of these drawbacks.
These can b e a p p l i e d t o e a s i l y crossed s p e c i e s
w i t h a h i g h degree o f s e l f - p o l l i n a t i o n l i k e
cowpeas as w e l l as t o s p e c i e s t h a t a r e d i f f i -
c u l t t o c r o s s , b u t w i t h a reasonable degree o f
n a t u r a l o u t c r o s s i n g (10%-30%) l i k e pigeonpeas
and l i m a beans.
Utilizing Male Sterility
The d i s c o v e r y o f a h i g h l y s t a b l e f o r m o f
male s t e r i l i t y 1n cowpeas ( R a c h i e , e t a l . 1974)
has made i t p o s s i b l e t o d e v e l o p a l a r g e number
of new gene combinations w h i c h cannot be eas-
i l y produced any o t h e r way. I t e l i m i n a t e s t h e
need f o r e m a s c u l a t i o n and t h e chance o f
a c c i d e n t a l s e l f i n g . However, t h e major advan-
tages o f male s t e r i l i t y l i e s in i n c r e a s i n g t h e
r a t e o f e f f e c t i v e f e r t i l i z a t i o n . For example,
c r o s s i n g f e r t i l e s x f e r t i l e s u t i l i z i n g a r a p i d
and e f f i c i e n t hand method ( R a c h i e . e t a l . 1975)
r e s u l t s i n a maximum 20% success under green-
house c o n d i t i o n s , whereas a n 82% e f f e c t i v e
f e r t i l i z a t i o n r a t e i n crosses o n ms2 m s 2
p l a n t s was a t t a i n e d i n t h e f i e l d d u r i n g June-
J u l y 1974, D u r i n g t h i s same p e r i o d it was
found p o s s i b l e to make about 50 hand crosses
per man hour f o r a t o t a l o f 5,764 hand crosses;
b u t meanwhile t h e bees had made 13,827 random
crosses on t h e same group o f ms p l a n t s .
G e n e t i c male s t e r i l i t y (ms2 ms2) found 
o r i g i n a l l y in Prima in 1972 was t r a n s f e r r e d on
t o t w e l v e e l i t e l i n e s and t h e r e s u l t i n g F 2
p o p u l a t i o n has been c l a s s i f i e d b r o a d l y i n t o
t h r e e b a s i c p l a n t t y p e s : A = e r e c t s t r a i n s
( p l a n t t y p e 1-2); B = s e m i - u p r i g h t p l a n t s (type
3 - 4 ) ; and C = more p r o s t r a t e , v i n e y s t r a i n s
( t y p e 5-7). These are b e i n g used as a 
S p e c t r a l l y D i v e r s e Genotypes (SDG) s e r i e s in a 
m o d i f i e d f r a c t i o n a l d i a l l e l c r o s s i n g procedure
in t h e r e c o m b i n a t i o n phase. D u r i n g recombi-
n a t i o n , each o f t h e 100 t o 200 s e l e c t e d f e r -
t i l e l i n e s is cr o s s e d on t o f i v e o r more
s t e r i l e p l a n t s i n each o f t h e SDG s e r i e s (A,
B and C). The r e s u l t i n g F1's a r e t h e n
advanced two g e n e r a t i o n s d u r i n g which b o t h
n e g a t i v e and p o s i t i v e s e l e c t i o n f o r d e s i r a b l e
c h a r a c t e r s i s p r a c t i c e d b e f o r e q u a n t i t a t i v e l y
t e s t i n g a t t h e S 2 l e v e l .
Description of Experiment
Recombination can be done 1n any season
at Ibadan, b u t would b e most c o n v e n i e n t d u r i n g
t h e d r y - i r r i g a t e d season (November-February)
f o r t h e S 2 t e s t i n g procedure. P o l l i n a t i n g
i n s e c t s may n o t be as h i g h l y e f f e c t i v e t h e n as
1 n June and J u l y , b u t massive hand c r o s s i n g i s
b o t h r a p i d and c o n v e n i e n t . Moreover, i t
p e r m i t s s e l e c t i n g p o l l i n a t o r s based o n p r e -
f r u i t i n g c r i t e r i a . For example, more t h a n
5000 hand crosses were made at I I T A d u r i n g a 
t h r e e weeks p e r i o d in February/March 1975 by a 
team o f 4-5 f i e l d a s s i s t a n t s w o r k i n g an average
2-3 hours per day. The d e c i s i o n to handcross
may b e d e l a y e d u n t i l f r u i t i n g has s t a r t e d o n
f e r t i l e s t o e s t a b l i s h whether i n s e c t p o l l i n a -
t i o n 1s e f f e c t i v e . There w i l l s t i l l be t i m e
to do hand c r o s s i n g so l o n g as g r o w i n g
c o n d i t i o n s — e s p e c i a l l y m o i s t u r e — remain
f a v o r a b l e .
Two types of c r o s s i n g b l o c k s can be
e s t a b l i s h e d t o s e r v e b o t h i n s e c t and hand
c r o s s i n g p r o c e d u r e s . The f i r s t 1 s s i m p l e r
c o n s i s t i n g o f a p o p u l a t i o n o f about 5-10
thousand p l a n t s grown f r o m a b l e n d of equal
numbers o f seeds s e l e c t e d f r o m t h e t e n p e r c e n t
e l i t e l i n e s i n t h e S 2 t e s t i n g phase, and seeds
are space p l a n t e d ( t w o seeds every 30-50 cm x 
150 cm). These p l a n t i n g s s h o u l d be made 1n
a l t e r n a t e rows i n t e r s p e r s e d o n a t l e a s t two
d a t e s 10-14 days a p a r t t o f a c i l i t a t e random
m a t i n g . O n f l o w e r i n g , t h e s t e r i l e p l a n t s o n
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which t h e c r o s s e d seeds a r e produced must be
l a b e l l e d w i t h pegs o r t a g s t o p e r m i t i d e n t i -
f y i n g a t h a r v e s t . A l t e r n a t i v e l y , e q u i v a l e n t
r e p r e s e n t a t i o n o f t h e o r i g i n a l components can
be p r e s e r v e d t h r o u g h t h e seed p a r e n t by
p l a n t i n g t h e c r o s s e d progeny o f t h e o r i g i n a l
e l i t e s t r a i n s i n t e r s p e r s e d w i t h a b l e n d o f
equal numbers o f a l l r e t a i n e d l i n e s t o s e r v e
a s p o l l i n a t o r s . F e r t i l e s a r e i d e n t i f i e d and
removed 1n seed p a r e n t rows at t h e b e g i n n i n g
o f f l o w e r i n g . E f f e c t i v e c o n t r o l o f h a r m f u l
i n s e c t s was achieved d u r i n g f l o w e r i n g w i t h o u t
i n h i b i t i n g bee a c t i v i t y b y s p r a y i n g weekly
w i t h A z o d r i n in t h e a f t e r n o o n when t h e cowpea
f l o w e r s had c l o s e d and p o l l i n a t i o n ceased f o r
t h e day.
T h i s scheme proposes i n t r o d u c i n g new
m a t e r i a l s i n t o t h e main stream p o p u l a t i o n on a 
c o n t i n u i n g b a s i s t h r o u g h a two s t e p procedure
i n which s p e c i a l i z e d s u b p o p u l a t i o n s a r e f i r s t
merged w i t h a "backup p o p u l a t i o n " w h e r e i n
e l i t e l i n e s are s u b s e q u e n t l y f u s e d w i t h t h e
mainstream. E l i t e l i n e s f r o m t h e mainstream
would be merged r e c i p r o c a l l y w i t h backup and
s u b p o p u l a t l o n s t o p e r p e t u a t e r a i s i n g o f t h e i r
agronomic bases.
Experimental Results
The sequence o f o p e r a t i o n s f o r one c y c l e
o f p o p u l a t i o n improvement in cowpeas u t i l i z i n g
g e n e t i c male s t e r i l i t y is g r a p h i c a l l y i l l u s -
t r a t e d i n F i g u r e 1 , w h i l e two a l t e r n a t i v e
methods o f r e c o m b i n a t i o n - M o d i f i e d F r a c t i o n a l
D i a l l e l / S 2 T e s t i n g and M o d i f i e d H a l f S i b / S 2
T e s t i n g a r e o u t l i n e d i n F i g u r e 2 . The r e l a -
t i o n s h i p s between sub-, backup and mainstream
p o p u l a t i o n s a s a p p l i e d t o t h e I I T A cowpea
improvement program a r e shown in F i g u r e 3.
Dual Population System
T h i s method of r e c o m b i n a t i o n is proposed
f o r s p e c i e s l i k e pigeonpeas and l i m a beans
w i t h a r e a s o n a b l e degree o f o u t c r o s s i n g ( 1 0 % t o
40%) and where hand c r o s s i n g is p a r t i c u l a r l y
d i f f i c u l t and t i m e consuming. I t may a l s o b e
used where it is d e s i r a b l e to m a i n t a i n two
d i s t i n c t p o p u l a t i o n s f o r d i f f e r e n t purposes,
e s p e c i a l l y when each c o n t r i b u t e s s i g n i f i c a n t l y
t o t h e o t h e r .
Both p a r e n t a l t y p e s would be " r e s u r r e c t e d "
d u r i n g g e n e r a t i o n advance b y r e s e l e c t i n g t h e
d i s t i n c t i v e r e c e s s i v e c o n d i t i o n 1 n each
p o p u l a t i o n . Simply i n h e r i t e d c h a r a c t e r s
a f f e c t i n g s e e d l i n g c o l o r a t i o n , p l a n t growth
h a b i t , l e a f shape, pubescence, p l a n t pigmenta-
t i o n , pod shape and c o l o r s , seed shape and
s i z e , t e s t a c o l o r and p a t t e r n , and o t h e r
a t t r i b u t e s can b e used t o q u i c k l y and e a s i l y
d e t e c t F 1 p l a n t s . The r e c e s s i v e c o n d i t i o n s o f
these characters a r e used as t h e seed p a r e n t 1n
p l a n t i n g s t i m e d t o s y n c h r o n i z e f l o w e r i n g
between t h e two p o p u l a t i o n s . These p l a n t i n g s
would be made in a l t e r n a t e rows o r h i l l s t o
maximize o u t c r o s s i n g . Some r o g u i n g may be
necessary i n t h e seed p a r e n t p o p u l a t i o n .
Lima Beans
I t i s n o t necessary t o e s t a b l i s h d i f f e r e n t
p l a n t t y p e s in t h e two p o p u l a t i o n s , b u t each
s h o u l d have a d i s t i n c t i v e r e c e s s i v e c h a r a c t e r
f o r which t h e o t h e r p o p u l a t i o n i s dominant.
I n t h e case o f l i m a beans, which p a r a l l e l s t h e
i n h e r i t a n c e in many o t h e r g r a i n legume s p e c i e s ,
f o u r s e t s o f genes c o n t r o l l i n g s e e d l i n g
( h y p o c o t y l ) p i g m e n t a t i o n , c o t y l e d o n c o l o r ,
determinancy and t e s t a c o l o r a r e very conve-
n i e n t f o r t h i s purpose. The s e e d l i n g and
mature seed markers a r e e s p e c i a l l y u s e f u l
s i n c e i n d e t e r m i n a t e v i n e y p l a n t s t e n d t o
i n t e r t w i n e making i t i m p o s s i b l e t o s e p a r a t e
s i n g l e p l a n t s a t h a r v e s t . D e t e r m i n a t e growth
(dd) i s r e c e s s i v e t o i n d e t e r m i n a n c y (D-) which
can u s u a l l y be d e t e c t e d e a r l y 1n growth by
d e v e l o p i n g a v i n e y l e a d e r . C o t y l e d o n c o l o r 1s
c o n t r o l l e d by a s i n g l e gene (3 - p r o d u c i n g
w h i t e c o t y l e d o n s and g g g i v i n g r i s e t o green
c o t y l e d o n s . Two m a n i f e s t a t i o n s o f t e s t a c o l o r
- w h i t e and green - a r e d e s i r a b l e f r o m t h e
q u a l i t y p o i n t o f view. Both a r e r e c e s s i v e t o
o t h e r t e s t a c o l o r s and eye p a t t e r n s , b u t w h i t e
occurs as W- , whereas green t e s t a r e q u i r e s
ww. S e e d l i n g ( h y p o c o t y l ) p i g m e n t a t i o n has been
s t u d i e d by A l l a r d (1952) and found to be
g e n i c a l l y c o n t r o l l e d a s f o l l o w s :
c c , R-, P- = green h y p o c o t y l
C-, r r , pp = green h y p o c o t y l
C-, R-, pp = r e d h y p o c o t y l
C-, r r , P- = p u r p l e h y p o c o t y l ( a l s o
p u r p l e f l o w e r s )
C-, R-, P- = r e d p u r p l e h y p o c o t y l
( a l s o p u r p l e f l o w e r s )
Results of Crosses
of Lima Beans
Random assortment of gametes f r o m a non-
s p e c i f i c p o l l e n source and f e r t i l i z i n g green
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Figure 1. RECOMBINATION AND SELECTION PROCEDURE FOR POPULATION IMPROVEMENT
IN COWPEAS (Vigna unguiculata Walp) UTILIZING GENETIC MALE STERILITY
RECOMBINATION
I n f l o w o f 1 0 0 - 2 0 0 e l i t e
l i n e s : hand c r o s s i n g o r
random i n s e c t p o l l i n a t i o n . 1
S i n g l e r o w s o r p l o t s
a c c o r d i n g t o s e e d p a r e n t ;
s e l e c t f o r d e s i r a b l e char -
a c t e r s on a s i n g l e p l a n t
b a s i s .
Shor t u n r e p l i c a t e d
( 5 0 0 - 8 0 0 ) r o w s . S e l e c t
f o r d e s i r a b l e q u a l i t i e s
on a f a m i l y b a s i s .
1 Seve ra l s u b p o p u l a t i o n s fo r p e s t and d i s e a s e r e s i s t a n c e , s p e c i a l p l a n t c h a r a c t e r s a n d
i m p r o v e d q u a l i t i e s c a n b e e s t a b l i s h e d .
2 O n l y t h e t e n s e l e c t i o n s i n e a c h o f t h e t e n p e r c e n t b e s t p e r f o r m i n g l i n e s o v e r a l l e c o l o g i e s
a re r e c y c l e d .
3 O f f t a k e fo r p e d i g r e e s e l e c t i o n and o t h e r b r e e d i n g p u r p o s e s c a n b e d o n e a t a l l s t a g e s .
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Figure 2. ALTERNATIVE RECOMBINATION PROCEDURES FOR POPULATION IMPROVEMENT IN COWPEAS
UTILIZING GENETIC MALE STERILITY.
A UODIF IED FRACTIONAL DIALLEL/S2 TESTING (Hand Crossing)
Hand pol l inate 10-20 male ster i les in each SDG population (A,B,C)
B MODIFIED HALF - SIB/S2 TESTING (Insect Pollination) 
* = P o l l i n a t o r s - a b l end o f equa l numbers o f s e e d s o f a l l e l i t e s e l e c t e d l i n e s ( 1 0 0 - 2 0 0 ) .
o = I n d i v i d u a l e l i t e l i n e s (100 - 200) f rom w h i c h f e r t i l e s have been removed at b e g i n n i n g of f l o w e r i n g .
NOTE: Pest p r o t e c t i o n - Spray azod r i n every 7 - 1 0 d a y s in the a f te rnoon .
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s e e d l i n g p l a n t s would r e s u l t i n n e a r l y 50%
green s e e d l i n g s , b u t u t i l i z i n g o n l y r e d p u r p l e
s e e d l i n g p l a n t s c o u l d i n c r e a s e t h e p r o p o r t i o n
o f c o l o r e d F , s e e d l i n g s t o around 75% t h e r e b y
I n c r e a s i n g t h e e f f i c i e n c y o f h y b r i d d e t e c t i o n .
S i m i l a r l y , u t i l i z i n g two u n r e l a t e d s i m p l e
r e c e s s i v e genes in a p o p u l a t i o n would i n c r e a s e
t h e p r o p o r t i o n o f r e a d i l y d e t e c t a b l e F1's.
For example, i t s h o u l d b e p o s s i b l e t o d e t e c t
more t h a n 80% o f t h e n o n p a r e n t a l t y p e s ( n e a r l y
a l l F1's) f r o m a growout of a lima bean
c r o s s i n g b l o c k u t i l i z i n g two determinancy and
t e s t a c o l o r f a c t o r s when t h e f o l l o w i n g
assumptions are made:
1. Two p o p u l a t i o n s a r e grown in c l o s e
p r o x i m i t y t o each o t h e r and p l a n t e d a s
t o maximize " n a t u r a l " o u t c r o s s i n g ;
2. The two p o p u l a t i o n s a r e l i m i t e d to two
a l l e l e s each f o r determinancy (D, d )
and seed t e s t a c o l o r (W, w ) ;
3. A random source of p o l l e n is s u p p l i e d
by an i n d e t e r m i n a t e p o p u l a t i o n (D-)
p r o d u c i n g t h r e e t i m e s as many w h i t e
(W-) seeds and i n d e t e r m i n a t e (D-) garnets
as green seed (ww) and d e t e r m i n a t e
(dd) gametes, r e s p e c t i v e l y ;
4. Only d e t e r m i n a t e p l a n t s in a p o p u l a t i o n
c o n t a i n i n g t w i c e as many w h i t e as
green seeded p l a n t s a r e h a r v e s t e d as
t h e p u t a t i v e o u t c r o s s e d seed p a r e n t ;
5. White seeded and green seeded p l a n t s
a r e p l a n t e d s e p a r a t e l y and n o n p a r e n t a l
types a r e i d e n t i f i e d d u r i n g t h e grow-
o u t - a s i n d e t e r m i n a t e p l a n t s , o r w i t h
t e s t a c o l o r d i f f e r e n t f r o m t h a t o f t h e
mother p l a n t s .
Of c o u r s e , a l o w e r y i e l d of crosses can
be o b t a i n e d even more s i m p l y by u t i l i z i n g o n l y
one r e c e s s i v e c h a r a c t e r in each p o p u l a t i o n : a 
d e t e r m i n a t e p o p u l a t i o n w i t h w h i t e c o l o r e d
t e s t a e (A) and an i n d e t e r m i n a t e p o p u l a t i o n
w i t h green t e s t a e ( B ) . Thus, o n l y i n d e t e r m i -
n a t e p l a n t s a r e s e l e c t e d in t h e p u t a t i v e F1
growout of d e t e r m i n a t e p l a n t t y p e s in popula-
t i o n ( A ) ; and o n l y w h i t e o r c o l o r e d t e s t a
p l a n t s a r e s e l e c t e d i n p o p u l a t i o n ( B ) . Since
many hundreds or thousands of crosses may be
r e q u i r e d , o n l y s i n g l e seeds f r o m t h e topmost
pods ( t h e ones most l i k e l y t o be v i s i t e d by
p o l l i n a t o r s ) need b e r e t a i n e d f o r g r o w i n g o u t
t h e p u t a t i v e F 1 g e n e r a t i o n . D i s c o v e r y o f male
s t e r i l i t y i n l i m a s would s i m p l i f y t h e problem
f u r t h e r , b u t i t i s n o t e s s e n t i a l owing t o t h e
h i g h n a t u r a l o u t c r o s s i n g (15%-30%) 1 n t h i s
s p e c i e s . Moreover, male s t e r i l i t y must
e v e n t u a l l y b e e l i m i n a t e d i n commercial v a r i -
e t i e s .
Planting Arrangements
S e v e r a l p l a n t i n g arrangements may be
adopted depending on t h e genotypes i n v o l v e d
and e n v i r o n m e n t a l c o n d i t i o n s p r e v a i l i n g . These
u s u a l l y i n v o l v e a l t e r n a t i n g rows o r h i l l s o r
v a r y i n g numbers o f rows o r h i l l s p l a n t e d t o
assure s y n c h r o n i z i n g o f f l o w e r i n g dates between
t h e two p a r e n t s ( F i g u r e 4 ) . Perhaps t h e most
c o n v e n i e n t system i s u t i l i z i n g the l o n g e r
d u r a t i o n , l e s s d e t e r m i n a t e p o p u l a t i o n ( l i k e
v i n e y l i m a s ) a s t h e p o l l e n donor and p l a n t i n g
i t f i r s t . The more d e t e r m i n a t e seed p a r e n t
would b e p l a n t e d a p p r o p r i a t e l y l a t e r and o n
two or more s u c c e s s i v e dates about 10-14 days
a p a r t t o b e t t e r sample g e n e t i c d i v e r s i t y 1 n
t h e p o l l i n a t o r p o p u l a t i o n . However, i t i s
i m p o r t a n t t o have p o l l e n a v a i l a b l e b y t h e t i m e
t h e seed p a r e n t begins f l o w e r i n g , and over a 
l o n g p e r i o d o f t i m e . T i m e l y i r r i g a t i o n h e l p s
e x t e n d t h e f l o w e r i n g p e r i o d 1 n i n d e t e r m i n a t e
p l a n t t y p e s . P l a n t i n g must b e done d u r i n g t h e
p e r i o d o f s h o r t e n i n g days t o a l l o w d a y l e n g t h
s e n s i t i v e ecotypes t o f l o w e r . Most photoperiod
s e n s i t i v e cowpeas p l a n t e d a f t e r mid-February
d o n o t f l o w e r n o r m a l l y a t Ibadan.
SELECTION PROCEDURE
I t i s u s u a l l y d e s i r a b l e t o complete one
c y c l e o f r e c u r r e n t s e l e c t i o n w i t h i n a t w e l v e
month span o f t i m e t o a l l o w t e s t i n g d u r i n g t h e
main season t h e c r o p would be grown. W i t h
medium and s h o r t d u r a t i o n l i m a beans, p i g e o n -
peas and soybeans, t h r e e g e n e r a t i o n s per y e a r
are p o s s i b l e i n t h e t r o p i c s and, t h e r e f o r e ,
S1 t e s t i n g may be t h e d e s i r e d s e l e c t i o n method.
However, S2 s e l e c t i o n i s more e f f i c i e n t and
e a s i e r t o manage owing t o g r e a t e r u n i f o r m i t y
o f l i n e s b e i n g t e s t e d and a v a i l a b i l i t y o f many
seeds f o r r e p l i c a t e d t e s t i n g . Thus, i t may b e
p r e f e r a b l e and more e f f i c i e n t t o adopt S2
t e s t i n g even when two y e a r s per c y c l e a r e
r e q u i r e d , b u t i t i s e s p e c i a l l y a p p r o p r i a t e f o r
cowpeas s i n c e f o u r g e n e r a t i o n s per y e a r a r e
p o s s i b l e . Since n e a r l y a l l g r a i n legumes
produce t h e b e s t q u a l i t y seeds when t h e y
mature d u r i n g b r i g h t , sunny weather a t t h e
b e g i n n i n g o f t h e d r y season, t h e Second Rains
1 s t h e b e s t season f o r t e s t i n g a t Ibadan.
T h i s means t h e r e c o m b i n a t i o n g e n e r a t i o n must
b e grown d u r i n g t h e i r r i g a t e d d r y season w i t h
t h e S 0 grown o u t d u r i n g t h e F i r s t Rains.
S2 Testing
Cowpeas p r o v i d e a n e x c e l l e n t s u b j e c t f o r
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Figure 4. RECOMBINATION AND SELECTION PROCEDURE FOR DUAL POPULATION
IMPROVEMENT UTILIZING HALF Sib/S2 TESTING IN LIMA BEANS
(Phaseolus Lunatus L.) RECOMBINATION1)
1. A separate block for viney x viney l imas can be establ ished if major emphasis is to be
given to th is plant t y p e . Simi lar ly , a bush x bush crossing block can be establ ished if
major emphasis is given to th is plant type . 
2 . Since bush type plants w i l l be segregat ing one bush to three viney types, it is not poss ib le
to y ie ld test bush se lec t ions unt i l the S, generation . However, the occurrence of 25 percent
bush plants should not have any ef fect on the performance of viney se lec t ions - ei ther in
the S1 or S2 generations - owing to the vigorous, spreading growth of viney p lants . 
3. Separate y ie ld tests must be conducted for bush and viney plant t ypes .
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GROWOUT S0 GENERATION 2)
GROWOUT S1 GENERATION2)












( 5 0 - 1 0 0 EACH)
SELECTION NURSERY:
BUSH AND VINEY TYPES:







from ident i f ied crosses
in S0 generat ion.
Separate bush and viney
plant types for S2
tes t ing .
Plant only bush l ines
from cross ing block
(above). Plant only
one seed from each of
3-5 pods per p lant .
Identi fy viney out
crosses by s tak ing .
* = Pollinators 
equal blend
of 1 0 0 - 2 0 0
e l i t e Viney
Lima Lines
0 = Putat ive seed,




Pol l inators are
planted 10-14 days
before seed parents.
p o p u l a t i o n improvement s i n c e f o u r g e n e r a t i o n s
per y e a r are p o s s i b l e w i t h supplementary
i r r i g a t i o n a t IITA t h e r e b y a l l o w i n g use o f t h e
S2 t e s t i n g method. A m o d i f i c a t i o n of t h e
method p r e s e n t l y under development can be
completed w i t h a 12-month span:
Gener-
a t i o n
Season O p e r a t i o n
Gener-
a t i o n
1
Season
D r y - I r r i g a t e d
(Nov-Feb)







O p e r a t i o n
Recombination by hand
o r n a t u r a l l y b y
i n s e c t s u t i l i z i n g
g e n e t i c male s t e r i l i t y .
Grow o u t F1's; d i s -
c a r d weak, diseased
p l a n t s .
Grow o u t S 1 ' s ; s e l e c t
200-300 f a m i l i e s d i s -
c a r d i n g i n f e r i o r
p l a n t s f o r S 2 t e s t i n g .
R e p l i c a t e d t e s t s o f
200-300 S2 ' s 1n t h r e e
e n v i r o n m e n t s . S e l e c t
b e s t 102 on y i e l d
t e s t s f o r r ecomb ina -
t i o n .
S, Testing
The o p e r a t i o n a l aspects o f t h e s e l e c t i o n
procedure a p p r o p r i a t e f o r S 1 t e s t i n g ( a l s o
H a l f Sib/S 2 o r F u l l Sib/S2 t e s t i n g ) employing
Dual P o p u l a t i o n r e c o m b i n a t i o n f o r one c y c l e a t
Ibadan are o u t l i n e d below:
Gener-
a t i o n
1
Season . O p e r a t i o n
Nov-March Recombination u t i l i -
z i n g t h e Dual Popula-
t i o n System d e s c r i b e d
above. Parent popula-
t i o n s a r e c o n s t i t u t e d
by b l e n d i n g equal
numbers o f seeds i n
bot h p l a n t types
c l a s s i f i e d 1 n t h e
p r e v i o u s h a r v e s t .
A p r i l - J u l y Grow o u t 600-800 p r e -
sumed F1's 1n s i n g l e
rows 10-20 m in l e n g t h ;
I d e n t i f y t r u e crosses
and s e l f s . Use seeds
of b e s t F1 p l a n t s in
each of 200-300 b e s t
l i n e s .
3 Aug-Nov Y i e l d t e s t t h e 200-300
b e s t l i n e s r e p l i c a t e d a t
l e a s t t w i c e under t h r e e
environments. S i m u l t a -
n e o u s l y , grow o u t a 
s e p a r a t e n u r s e r y and
s e l e c t t h e t e n b e s t 1 n
a l l 200-300 l i n e s b e i n g
t e s t e d . R e t a i n f o r next
c y c l e o f r e c o m b i n a t i o n
o n l y t h o s e l i n e s s e l e c t -
e d w i t h i n t h e b e s t
p e r f o r m i n g 2-30 l i n e s .
R e c l a s s i f y s e l e c t i o n s a s
t o p a r e n t a l t y p e f o r
r e c o m b i n a t i o n .
T h i s system i s designed t o r e s t o r e t h e
o r i g i n a l number o f l i n e s , b u t 1 t i s i m p o r t a n t
t o r e t a i n reasonable e q u i v a l e n c e 1 n b o t h paren-
t a l t y p e s . Since t h e f r e q u e n c y o f t h e seed
p a r e n t t y p e w i t h m u l t i p l e r e c e s s i v e f a c t o r s 1 s
l i k e l y t o remain l o w — e s p e c i a l l y d u r i n g t h e
f i r s t one o r two c y c l e s — i t may n o t b e p o s s i b l e
t o r e c o v e r an e q u i v a l e n t number o f e l i t e l i n e s
1 n t h i s t y p e . T h e r e f o r e , i t would b e reason-
a b l e t o r e t a i n o n l y about a t h i r d o r f o u r t h t h e
number o f p o l l i n a t o r s compared w i t h seed
p a r e n t t y p e s . I t 1 s f u r t h e r suggested t h a t a 
more i n c l u s i v e germplasm pool be merged w i t h
b o t h p a r e n t a l types a t a p p r o p r i a t e t y p e s
i n t e r v a l s ( e v e r y 2-3 c y c l e s ) t h r o u g h a gradual
i n f u s i o n process t o broaden t h e g e n e t i c base
and m a i n t a i n a h i g h r a t e of advancement
( F i g u r e 4 ) .
The end p r o d u c t of t h i s process can be
pure b r e e d i n g s t r a i n s u t i l i z e d a s commercial
v a r i e t i e s , p a r e n t a l l i n e s and g e n e t i c s t o c k s ,
o r composite v a r i e t i e s w i t h wide a d a p t a t i o n
and a h i g h l e v e l o f t o l e r a n c e t o s t r e s s . I n
f a c t , f o r some o f these c r o p s — e s p e c i a l l y t h e
p a r t i a l l y o u t c r o s s i n g l i m a beans and pigeon-
p e a s — a reasonable l e v e l o f h e t e r o z y g o s i t y
would be advantageous s i n c e some h e t e r o t i c
v i g o r would occur and t h e v a r i e t y would b e t t e r
f i t a broader range o f environments. However,
composite v a r i e t i e s s h o u l d b e u n i f o r m f o r
growth h a b i t , p l a n t h e i g h t , m a t u r i t y , pest and
d i s e a s e r e s i s t a n c e and seed q u a l i t i e s .
Yield Testing
A major c o n s t r a i n t 1n t e s t i n g g r a i n
legumes 1s t h e l a r g e numbers of seeds r e q u i r e d
— e s p e c i a l l y when y i e l d t e s t i n g a broad range
o f p l a n t t y p e s r a n g i n g f r o m i n d e t e r m i n a t e t o






p l o t s 3-4 meters l o n g s e p a r a t e d f r o m a d j a c e n t
p l o t s by 1.2 to 1.5 m are p r e s e n t l y used f o r
cowpeas a t I I T A t o p r o v i d e a n adequate y i e l d
sample. Minimum seed requirements (2 good
s e e d s / h i l l ) i s 520-672 seeds per t r i a l .
Moreover, l a n d r e q u i r e m e n t s are c o n s i d e r a b l e -
from 16-23m2 per p l o t .
R e cognizing t h e importance o f expanding
t h e e n v i r o n m e n t a l component o f p o p u l a t i o n
improvement, t h e f e a s i b i l i t y o f u t i l i z i n g
s m a l l e r p l o t s , perhaps w i t h more r e p l i c a t e s ,
i s b e i n g s t u d i e d a t I I T A . S h o r t (2.5 m ) t h r e e
row, c i r c u l a r and "diamond" h i l l p l o t s a re
being t r i e d i n a n a t t e m p t t o reduce seed
r e q u i r ements to 10-20 seeds and area to 2.2-
4.0 m 2 per p l o t . Such p l o t s c o u l d maximize
i n t r a p l a n t c o m p e t i t i v e s t r e s s w h i l e r e d u c i n g
i n t e r - g e n o t y p e c o m p e t i t i o n as w e l l as seed and
l a n d area requirements b y s e v e r a l f o l d . I f
such t e s t i n g proves r e l i a b l e , a s i n g l e , spaced
p l a n t c o u l d p r o v i d e enough seeds f o r r e p l i c a t e d
t e s t i n g a t one o r two l o c a t i o n s .
IMPLICATIONS FOR
OUTREACH
A d o p t i o n o f p o p u l a t i o n improvement
schemes w i l l have p r o f o u n d e f f e c t s on t h e k i n d
o f ou t r e a ch a c t i v i t i e s a n i n t e r n a t i o n a l c r o p
improvement program becomes i n v o l v e d i n . New
o p p o r t u n i t i e s w i l l u n f o l d , and seemingly
i m p o s s i b l e problems may become amenable to
s o l u t i o n . This i s p a r t i c u l a r l y a p p l i c a b l e t o
v i r u s e s o n annual c r o p s , b l a s t disease o f
r i c e , Cercospora l e a f s p o t s , stem b o r e r s and
s e v e r a l s u c k i n g i n s e c t p e s t s . Added t o these
are o p p o r t u n i t i e s t o reach new dimensions o f
a d a p t a t i o n and p r o d u c t i v i t y l e v e l s .
Recurrent s e l e c t i o n schemes p r o v i d e t h e
means f o r d e v e l o p i n g an i n f i n i t e range o f
g e n e t i c v a r i a b i l i t y . This v a r i a b i l i t y i s
e x p l o i t a b l e over a n e x t r a o r d i n a r y range o f
c o n d i t i o n s . I t a l s o p r o v i a e s much broader
o p p o r t u n i t i e s f o r c o l l a b o r a t i n g n a t i o n a l
p r o g r a m s — p a r t i c u l a r l y i n s i t u a t i o n s w i t h
l i m i t e d resources and f a c i l i t i e s . However,
e x p l o i t i n g t h e p o t e n t i a l o f t h i s new t e c h n o l o g y
w i l l r e q u i r e a b l e and p e r c e p t i v e crop r e -
searchers a t t h e n a t i o n a l and r e g i o n a l l e v e l s .
T h e r e f o r e , t h e r e w i l l be an urgent need f o r
res e a r c h t r a i n i n g o f young s c i e n t i s t s i n new
b r e e d i n g t e c h n o l o g y broad enough i n scope t o
c a t e r t o d i f f e r e n t l e v e l s o f p a r t i c i p a t i o n a s
envisaged below:
1 . F i e l d s e l e c t i o n and t e s t i n g s t a t i o n s .
These programs would s e l e c t and t e s t
advanced l i n e s f r o m p o p u l a t i o n s and
composite v a r i e t i e s f r o m v a r i o u s
s o u r c e s — e s p e c i a l l y f r o m i n t e r m e d i a t e
c e n t e r s .
2. I n t e r m e d i a t e c r o p improvement programs.
These would have l i m i t e d s t a f f ana-
resources t o c a r r y o n r e c y c l i n g a c t i v -
i t i e s , b u t would r e q u i r e a n under-
s t a n d i n g of how to use g e n e t i c male
s t e r i l i t y o r dual p o p u l a t i o n systems
w i t h l i m i t e d b u t e l i t e germplasm i n
s o l v i n g l o c a l o r r e g i o n a l problems,
w h i l e s i m u l t a n e o u s l y r a i s i n g produc-
t i v i t y l e v e l s . They would se r v e as
d i r e c t l i n k s between advanced and
s e l e c t i n g o r t e s t i n g s t a t i o n s .
3. Advanced c r o p improvement programs.
These would have a f u l l team o f
s c i e n t i s t s t o g e n e r a t e new p o p u l a t i o n s
and v a r i e t i e s i n s e r v i n g n a t i o n a l and
r e g i o n a l c o l l a b o r a t o r s . They would be
e s s e n t i a l l y independent programs, w i t h
d i r e c t l i n k a g e s i n t o i n t e r n a t i o n a l
c e n t e r s .
The major d i s t i n c t i o n between t h e " i n t e r -
m e diate" and "advanced" l e v e l s d e s c r i b e d above
would depend o n n a t i o n a l p r i o r i t i e s and
a v a i l a b i l i t y o f r e s o u r c e s . Many c o u n t r i e s
c o u l d n o t a f f o r d an "advanced program" or may
n o t deem t h e economic importance of t h e crop
w o r t h y o f l a r g e r i n v e s t m e n t .
The f i r s t p r e r o g a t i v e o f t r a i n i n g a t a l l
l e v e l s w i l l be t e a c h i n g good c r o p husbandry
and m a x i m i z i n g r e t u r n s f o r s p e c i f i c e n v i r o n -
ments and management i n p u t s . Only th e n w i l l i t
b e p o s s i b l e t o e x p l o i t t h e c o n s t a n t f l o w o f
new g e n e t i c v a r i a b i l i t y which w i l l become
a v a i l a b l e f r o m i n t e r n a t i o n a l and n a t i o n a l /
r e g i o n a l crop improvement c e n t e r s .
CONCLUSIONS AND
SUMMARY
P o p u l a t i o n improvement, d e f i n e d as a f o r m
o f b r e e d i n g f o r t h e u t i l i z a t i o n o f a d d i t i v e
gene e f f e c t s , i s h i g h l y e f f e c t i v e i n i m p r o v i n g
o u t c r o s s i n g s p e c i e s . Recently t h e r e has been
c o n s i d e r a b l e i n t e r e s t i n a p p l y i n g r e c u r r e n t
s e l e c t i o n p r i n c i p l e s toward t h e improvement o f
s e l f - p o l l i n a t e d c r o p s . The r e q u i r e m e n t s f o r
s u c c e s s f u l l y i m p l e m e n t i n g p o p u l a t i o n
improvement a r e :
1. Developing p o p u l a t i o n s f r o m a broad
base o f e l i t e g e n e t i c s t o c k s .
2. E f f e c t i n g massive geneflow t h r o u g h
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e x t e n s i v e l y random o r s y s t e m a t i c a l l y
d i v e r s e r e c o m b i n a t i o n .
3 . S e l e c t i n g f o r d e s i r e d s i m p l y i n h e r i t e d
( q u a l i t a t i v e ) c h a r a c t e r s .
4. E v a l u a t i n g performance of S1's to S2's
f o r complex, q u a n t i t a t i v e l y i n h e r i t e d
c h a r a c t e r s l i k e y i e l d and h o r i z o n t a l
r e s i s t a n c e under a range of e n v i r o n -
ments . 
5. P r o v i d i n g a c o n t i n u i n g o f f t a k e of
e l i t e genotypes i n t o " p e d i g r e e "
advancement and i n f u s i n g new g e n e t i c
m a t e r i a l s i n t o t h e system.
The major c o n s t r a i n t i n a d a p t i n g popula-
t i o n improvement i n s e l f - p o l l i n a t e d crops l i k e
g r a i n legumes has been t h e d i f f i c u l t y i n
e f f e c t i n g massive geneflow d u r i n g the recombi-
n a t i o n phase and l i m i t a t i o n o f seeds f o r
t e s t i n g i n s e v e r a l environments. These prob-
lems can be overcome t h r o u g h :
1 . I n c r e a s i n g the r a p i d i t y and e f f i c i e n c y
o f hand c r o s s i n g ;
2. I n t r o d u c i n g some f o r m of o u t c r o s s i n g
l i k e g e n e t i c male s t e r i l i t y , d e l a y e d
dehiscence o r p r o t o g y n y i n t o t h e
p o p u l a t i o n ;
3. Enhancing d i r e c t e d n a t u r a l o u t c r o s s i n g
i n p a r t i a l l y o u t c r o s s i n g s p e c i e s .
4. Reducing seed numbers and p l o t s i z e
r e q u i r e d f o r t e s t i n g .
I n t r o d u c i n g male s t e r i l i t y i n t o cowpea
p o p u l a t i o n s has been h i g h l y s u c c e s s f u l i n
i n c r e a s i n g t h e r a t e and success o f hand
c r o s s i n g ; and has f a c i l i t a t e d e x t e n s i v e ,
p a r t i a l l y d i r e c t e d o u t c r o s s i n g b y p o l l i n a t i n g
i n s e c t s - p r i m a r i l y bees. Delayed dehiscence
l i n k e d w i t h ( p u b e r u l e n c e ) m i g h t b e u t i l i z e d
s i m i l a r l y i n soybeans; except t h a t o n l y t h r e e
g e n e r a t i o n s a r e f e a s i b l e in a 12-month span.
For p a r t i a l l y o u t c r o s s i n g s p e c i e s l i k e l i m a
beans and pigeonpeas, e x t e n s i v e c r o s s i n g can
be achieved t h r o u g h t h e Dual P o p u l a t i o n System
i n which two p o p u l a t i o n s are developed s i m u l -
t a n e o u s l y . One o f these c a r r y i n g e a s i l y
r e c o g n i z e d r e c e s s i v e genes i s u t i l i z e d a s t h e
seed p a r e n t w h i l e t h e p o p u l a t i o n c a r r y i n g more
dominant genes and having a more i n d e t e r m i n a t e
growth h a b i t can be used as t h e p o l l e n donor.
The end p r o d u c t o f t h i s process i s a n
improved seed propagated pure l i n e or a random
mating p o p u l a t i o n . I t i s suggested t h a t t h e
r a t e o f g e n e t i c g a i n w i t h i n a n e s t a b l i s h e d
p l a n t t y p e c o u l d b e q u i t e h i g h d u r i n g t h e
f i r s t 2-3 c y c l e s , and t h a t improvement would
b e s u s t a i n e d a t a lower b u t s a t i s f a c t o r y r a t e
t h e r e a f t e r .
Outreach and t r a i n i n g w i l l b e p r o f o u n d l y
a f f e c t e d by t h e new b r e e d i n g t e c h n o l o g y . There
w i l l be expanded needs f o r t r a i n i n g o f cr o p
improvement r e s e a r c h e r s a t d i f f e r e n t l e v e l s o f
t e c h n o l o g y t o serve i n t h e l i n k a g e between
i n t e r n a t i o n a l and advanced n a t i o n a l c e n t e r s
and t h e e x t e n s i o n / f a r m e r l e v e l . Three l e v e l s
are envisaged: (1) F i e l d s e l e c t i o n - t e s t i n g
s t a t i o n s , (2) I n t e r m e d i a t e c e n t e r s ( l i m i t e d
r e s o u r c e s ) , and (3) Advanced c e n t e r s , d i r e c t l y
l i n k e d w i t h i n t e r n a t i o n a l c r o p improvement
c e n t e r s , b u t themselves g e n e r a t i n g new popula-
t i o n s and s e r v i n g o r d i r e c t i n g l o w e r echelon
s t a t i o n s .
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DISCUSSION
I w o u l d l i k e t o p o i n t o u t t h a t Or . Rach ie has g i v e n t h r e e t y p e s o f
p l a n t p o p u l a t i o n d i v i s i o n : ( a ) a c c o r d i n g t o p l a n t g r o w t h h a b i t ,
( b ) t h e dua l p o p u l a t i o n sys tem and ( c ) t h e f l o w c h a r t s y s t e m . I n t h e
l a t t e r o n e , how wou ld t h e f l o w back i n t o t h e base p o p u l a t i o n work?
The i n t e n t i o n o f h a v i n g s u b p o p u l a t i o n s i s t o a l l o w maximum p r o g r e s s
f o r s p e c i f i c o b j e c t i v e s , and t h e n a t t e m p t t o r a i s e t h e agronomic
l e v e l s o f t h e s e s u b p o p u l a t l o n s . The t h r e e p l a n t t y p e s w e have t a l k e d
a b o u t a r e t r u e agronomic t y p e s , i . e . , t h r e e p o i n t s o n t h e spec t rum o f
g e n e t i c d i v e r s i t y .
Cou ld you e x p l a i n t h e dua l p o p u l a t i o n s sys tem b e t t e r ?
I have been u s i n g i t to a c h i e v e r e c o m b i n a t i o n , e . g . , in l ima beans.
These a r e two d i s t i n c t t y p e s and a t remendous i nc rease comes f r o m
i n t e r c r o s s i n g them. Each can c o n t r i b u t e t o t h e o t h e r .
I s t h e end p r o d u c t a h y b r i d ?
I e n v i s a g e p u l l i n g o u t pu re l i n e s .
What do you a c h i e v e by g r o w i n g p o p u l a t i o n s s e p a r a t e l y ?
I d o n ' t see t h e p o i n t 1n l e a v i n g them m i x e d . We w i l l c r o s s between
v i n e y and bushy t y p e s w i t h i n g roups t o o .
M y g randmother s a i d d o n ' t p u t a l l y o u r eggs i n one b a s k e t . L i n e and
c r o s s m a t e r i a l a r e b e t t e r t h a n compos i t es i n sorghum in t h e M i d d l e
Eas t b u t a r e a l s o c a r r y i n g a l o n g c o m p o s i t e s .
I s a i d a t t h e o u t s e t t h e methods I am p r o p o s i n g were an a d j u n c t to
c o n v e n t i o n a l me thods . I d i d n o t m e n t i o n t h e word c o m p o s i t e 1n my
p a p e r . The d i a g r a m shows t h a t o f f t a k e goes i n t o a p e d i g r e e s y s t e m .
Dr . Rach ie was asked t o speak a b o u t t h e a p p l i c a t i o n o f methods o f
b r e e d i n g c r o s s - p o l l i n a t e d c r o p s t o s e l f - p o l l i n a t e d c r o p s , w h i c h wou ld
a c c o u n t f o r h i s emphas i s .
We have s t a r t e d a dua l p o p u l a t i o n program u s i n g o b t u s e l e a f as a 
s i n g l e gene r e c e s s i v e c h a r a c t e r to i d e n t i f y c r o s s e s . We have some
m a t e r i a l l i k e D r . R a c h i e ' s w i t h v e r y l i m i t e d b r a n c h i n g .
I p l a n t o o f f e r t h e new t y p e p igeonpeas t o anyone i n t e r e s t e d i n
h a v i n g them.
We have some p igeonpea p l a n t s w i t h a n t h e r s w i t h o u t p o l l e n and o t h e r s
w i t h s t i g m a s w e l l above a n t h e r s .
C o n g r a t u l a t i o n s .
Cou ld t h e r e b e a s i n g l e f a c t o r l i k e t h e d w a r f i n g gene 1 n whea t and
ma ize t h a t w e s h o u l d l o o k f o r i n g r a i n legumes?
I am s e l e c t i n g f o r t h e b i g g e s t , t a l l e s t and most rugged cowpeas I 
can f i n d .
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When I c r o s s , I know what I want. You cannot a l l o w bees t o do t h i s .
Secondly, you do n o t t a l k about s e l e c t i o n i n d i c e s . Do you n o t know
what you want to get? For s e l e c t i o n t h e r e must be o b j e c t i v e s .
Only p a r t o f our program i s devoted t o p o p u l a t i o n improvement.
However, t h i s is l i k e l y t o I n c r e a s e in i m p o r t a n c e .
I t h i n k Dr. Royes is t a l k i n g about r e c u r r e n t s e l e c t i o n and by g r o w i n g
composites we a r e t r y i n g to break up l i n k a g e systems.
Have you done any r e s e a r c h on gametocides?
I have n o t used them.
One was used on c o t t o n and o t h e r crops but t h i s was t h e f i r s t and was
n o t v e r y good. E t h r e l has been used i n wheat b u t i t does n o t work o n
o a t s . We now have a Du Pont chemical which g i v e s poor seed s e t b u t
90% o u t c r o s s i n g .
I d i d some work w i t h c l o v e r , immersing t h e head in 10% a l c o h o l
s o l u t i o n and t h i s seemed w o r k a b l e .
Hot w ater is an e f f e c t i v e male gametocide b u t cannot be used on a 
mass b a s i s .
Dr. Rachie's scheme has t h e m e r i t o f g e n e r a t i n g more v a r i a b i l i t y 1n
a s e l f - p o l l i n a t e d c r o p t h a n is p o s s i b l e by c o n v e n t i o n a l methods. In
I n d i a t h e r e is an F1 c o t t o n c u l t i v a t e d on o v e r one m i l l i o n acres and
each seed has been produced by hand p o l l i n a t i o n .
H y b r i d c o t t o n shows t h a t I n d i a n farmers w i l l adopt a v i a b l e
t e c h n o l o g y . W i t h pigeonpeas w e have n o t o v e r l o o k e d t h e p o s s i b i l i t y
o f p r o d u c i n g h y b r i d s .
W e d o q u i t e a b i t o f v e g e t a t i v e p r o p a g a t i o n o f F 1 p l a n t s f o r
i n c r e a s i n g F2 seed p r o d u c t i o n .







A range of 50-100 kgs of seed 1s n o t t o o much. I envisage broad-
c a s t i n g seed 1n some s i t u a t i o n s , o r having v e r y c l o s e rows. But
o u r p l a n t s a r e p r o t o t y p e s , m a i n l y f o r use a s p a r e n t a l s t o c k s .
Cowpea has a very low p r o d u c t i v i t y in t h e w o r l d . I n I n d i a , t h e y a r e
l i t t l e used because o f low p r o d u c t i v i t y . How much jump can be made
so t h i s c r o p c o u l d become u s e f u l ? I n I n d i a t h e r e i s scope f o r s h o r t
d u r a t i o n g r a i n legume crops in t h e summer. Cowpeas t o o k t o o l o n g .
Are y o u r v a r i e t i e s s h o r t d u r a t i o n v a r i e t i e s ?
The low y i e l d s o f cowpeas a r e a g r e a t c h a l l e n g e . Cowpeas a r e i n t e r -
p l a n t e d w i t h c e r e a l s and t h e low y i e l d s may b e p a r t l y e x p l a i n e d
by t h i s . Cowpea seeds have e x c e l l e n t q u a l i t y . Cowpeas may be more
e a s i l y improved th a n mung beans.
How w i l l y o u r s h o r t d u r a t i o n v a r i e t i e s p e r f o r m i n I n d i a ?
I t h i n k t h e r e is p o t e n t i a l f o r cowpeas and t h a t our i n i t i a l g a i n s
w i l l be r a p i d . We have r e c e n t l y i d e n t i f i e d a v a r i e t y w i t h c o n s i d e r -
a b l e d i s e a s e and p e s t r e s i s t a n c e .
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P o p u l a t i o n improvement i s e s s e n t i a l l y a 
g e n e t i c t o o l t o c o n c e n t r a t e f a v o r a b l e genes i n
a p o p u l a t i o n and is almost a t h o r o u g h f a r e in
t h e g e n e t i c improvement o f u n s e l e c t e d popula-
t i o n s i n f i e l d c r o p s . B r o a d l y speaking t h i s
t e c h n i q u e aims a t i n c r e a s i n g t h e l e v e l o f
performance o f a t r a i t o r number o f t r a i t s in 
crop species f r o m g e n e r a t i o n t o g e n e r a t i o n and
c y c l e to c y c l e . However, in p r a c t i c e it has
become more or l e s s a synonym f o r s e l e c t i o n in
p o p u l a t i o n w i t h c o n s i d e r a b l e amount o f f i x a b l e
and a d d i t i v e t y p e o f gene a c t i o n s . I n t h i s
t e c h n i q u e , s e l e c t i o n work has been predom-
i n a n t l y based o n f u n c t i o n o f t h e parameters,
e x t e n t o f h e r i t a b i l i t y , s e l e c t i o n d i f f e r e n t i a l
and t h e t y p e o f v a r i a n c e s .
I n p r a c t i c e , mass s e l e c t i o n , f u l l s i b
f a m i l y s e l e c t i o n , h a l f s i b f a m i l y s e l e c t i o n ,
S 1 f a m i l y s e l e c t i o n and r e c u r r e n t s e l e c t i o n
have been f r e q u e n t l y f o l l o w e d f o r c a p i t a l i z i n g
a d d i t i v e t y p e o f gene a c t i o n s and advancing
t h e performance o f t h e p o p u l a t i o n s e s p e c i a l l y
o n o u t c r o s s i n g species l i k e maize, p e a r l
m i l l e t , e t c .
POTENTIAL OF OUTCROSSING
The p a r t i a l l y o u t c r o s s i n g c r o p species
p r o v i d e a good o p p o r t u n i t y f o r c o n c e n t r a t i n g
and f u n n e l i n g o u t f a v o r a b l e genes in a 
p o p u l a t i o n . The e x t e n t of o u t c r o s s i n g in some
o f t h e s e p o t e n t i a l l y o u t c r o s s i n g species c o u l d
b e enhanced f o r b e t t e r e x p l o i t a t i o n o f non-
a d d i t i v e t y p e of gene a c t i o n s t h a n what is
u s u a l l y expected under a p a r t i a l o u t c r o s s i n g
g e n e t i c mechanism. T h e r e f o r e , f o r g e t t i n g a 
f u l l e r e x p l o i t a t i o n o f t h e advance under
r e c u r r e n t s e l e c t i o n , it would be a w o r t h w h i l e
g e n e t i c e n q u i r y t o l o o k f o r m o r p h o l o g i c a l and
p h y s i o l o g i c a l mechanisms f o r upgrading t h e
e x t e n t o f o u t c r o s s i n g i n t h e s e e c o n o m i c a l l y
i m p o r t a n t c r o p s p e c i e s . T h i s c o u l d b e
accomplished by i n c o r p o r a t i n g male s t e r i l i t y
mechanisms o r some s o r t o f m o d i f i c a t i o n in t h e
s t r u c t u r e o f t h e f l o w e r f a c i l i t a t i n g easy o u t -
c r o s s i n g t h r o u g h the v i s i t i n g i n s e c t s .
Recurrent Selection in
Partially Outcrossing Species
U t i l i z a t i o n o f t h e r e c u r r e n t s e l e c t i o n
method c o u l d be a good p o t e n t i a l t e c h n i q u e f o r
i m p r o v i n g t h e performance o f p a r t i a l l y o u t -
c r o s s i n g species l i k e pigeonpea and lima
beans. The paper p r o v i d e d by Dr. Rachie
embraces t h e t h e o r e t i c a l background and t h e
o p e r a t i o n procedure f o r r a i s i n g t h e r e c u r r e n t
s e l e c t i o n c y c l e s and t e s t i n g t h e i r performan-
c e s , w i t h 200-300 b e s t F1 p l a n t s o b t a i n e d f r o m
dual p o p u l a t i o n system. The l e v e l o f g e n e t i c
p r o g r e s s w i t h s e l e c t i o n in these crop species
c o u l d be f a c i l i t a t e d much more q u i c k l y by t h e
i n c o r p o r a t i o n o f s e e d l i n g marker ( c o l o r ) o r
l e a f shape f o r e a r l y r o g u e i n g o f t h e s e l f s .
However, f o r t h e g e n e t i c improvement in g r a i n
y i e l d p o s s i b i l i t y it may be more d e s i r a b l e t o
be g i n w i t h much l a r g e r number of F1 p l a n t s
t h a n 200 to 300, p r o v i d i n g enough chances f o r
b r e a k i n g u p the u n d e s i r a b l e l i n k a g e s .
F u r t h e r , because o f t h e p a r t i a l o u t -
c r o s s i n g i n each o f t h e g e n e r a t i o n s w i t h i n
each c y c l e o f s e l e c t i o n i . e . , i n S 0 , S 1 , e t c . ,
s e l f i n g o f the s e l e c t e d p l a n t s / p r o g e n i e s
in S0, S1 and s e l e c t i o n n u r s e r y may be w o r t h
c o n s i d e r i n g .
Other Considerations
in Recurrent Selection
A l s o c e r t a i n o t h e r c o n s i d e r a t i o n s w i l l
have t o b e taken i n t o account f r o m t h e p o i n t
o f view o f t h e p r a c t i c a b i l i t y o f such types
G.B. Pant U n i v e r s i t y o f A g r i c u l t u r e and Technology, Pantnagar, U t t a r Pradesh, I n d i a
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o f r e c u r r e n t s e l e c t i o n programs. These a r e :
1. P a r e n t s used must be p u r i f i e d t h r o u g h
s e l f i n g f o r p l a n t t y p e , m a t u r i t y , seed
c o a t c o l o r , e t c .
2. Separate programs f o r d e t e r m i n a t e and
i n d e t e r m i n a t e t y p e s s h o u l d be u n d e r t a k e n .
3. S e l e c t i o n programs s h o u l d be t a k e n up in
i s o l a t i o n s i n o r d e r t o a v o i d contamina-
t i o n o f p o l l e n f r o m o t h e r s o u r c e s .
4 . I t may b e d e s i r a b l e t o choose t h e p a r e n t s
f r o m d i v e r s e sources. S u f f i c i e n t amount
o f l o c a l l y adapted m a t e r i a l s s h o u l d a l s o
be r e p r e s e n t e d among t h e p a r e n t s .
5 . Survey o f t h e l o c a t i o n s t o d e t e r m i n e t h e
e x t e n t o f o u t c r o s s i n g i n pigeonpeas
b e f o r e c a r r y i n g o u t such programs in








In 1973, soybeans were grown on a p p r o x i -
m a t e l y 23 m i l l i o n h e c t a r e s in t h e U.S., pro-
d u c i n g an average y i e l d of 1887 kg/ha. Soy-
bean p r o d u c t i o n in the U.S. f o r g r a i n is of
r e l a t i v e l y r e c e n t o r i g i n , a s 1941 was t h e f i r s t
y e a r i n which t h e area p l a n t e d t o b e h a r v e s t e d
for g r a i n e q u a l l e d the area p l a n t e d f o r f o r a g e .
At p r e s e n t , soybeans a r e t h e number one cash
c r o p grown in t h e U.S. Maize has a h i g h e r
v a l u e , b u t much o f t h i s c r o p is f e d on t h e
farm and marketed i n t h e f o r m o f l i v e s t o c k .
In my own r e s e a r c h , I have been concerned
p r i m a r i l y w i t h soybean p r o d u c t i o n i n t h e
s o u t h e r n s t a t e s . Here we a r e concerned p r i m a r -
i l y w i t h a r e g i o n l y i n g between l a t i t u d e s 3 0
and 38 degrees. N e a r l y a l l soybean p r o d u c i n g
areas a r e at an e l e v a t i o n of below 250 meters.
Annual r a i n f a l l v a r i e s f r o m 80 to 130 cm.
S o i l s cover a range from loamy sands of t h e
c o a s t a l p l a i n s t o t h e heavy c l a y s o f t h e
M i s s i s s i p p i a l l u v i u m .
Research l e a d i n g t o t h e development o f
improved c u l t u r a l p r a c t i c e s and b e t t e r adapted
disease r e s i s t a n t and nematode r e s i s t a n t
c u l t i v a r s has c o n t r i b u t e d a p p r e c i a b l y toward
t h e i n c r e a s e d ' p r o d u c t i o n o f soybeans i n t h e
South. I n 1953, we grew s l i g h t l y more tha n 1 
m i l l i o n h e c t a r e s w i t h a ' y i e l d o f 880 kg/ha.
By 1963, t h e p l a n t e d area had i n c r e a s e d to
3.5 m i l l i o n h e c t a r e s w i t h a y i e l d o f 1300 kg/
ha, and in 1973, t h e area had i n c r e a s e d to
n e a r l y 7.9 m i l l i o n h e c t a r e s and a y i e l d o f
1700 kg/ha.
The c u l t i v a r 'Lee', r e l e a s e d t o f a r m e r s
f o r p r o d u c t i o n i n 1954, made a s i g n i f i c a n t
c o n t r i b u t i o n towar d r e d u c i n g r i s k s f o r t h e
soybean grower, because of its seed h o l d i n g
c h a r a c t e r i s t i c s i n a d d i t i o n t o i t s r e s i s t a n c e
t o s e v e r a l d i s e a s e s . Most soybean c u l t i v a r s
m o d e r a t e l y adapted f o r p r o d u c t i o n in t h e South
p r i o r t o t h e a v a i l a b i l i t y o f Lee were l i k e l y
t o s h a t t e r a s soon a s t h e y reached m a t u r i t y .
S h a t t e r r e s i s t a n c e i s o f c o n s i d e r a b l e impor-
t a n c e where l a r g e areas are to be h a r v e s t e d
w i t h mechanical h a r v e s t e r s , s o a s t o p e r m i t
t h e machine to be used over a l o n g e r p e r i o d .
The development o f a d d i t i o n a l c u l t i v a r s h a v i n g
a range in m a t u r i t y has e l i m i n a t e d l o s s e s
f r o m s h a t t e r i n g p r i o r t o h a r v e s t .
A t S t o n e v i l l e , M i s s i s s i p p i , w e m a i n t a i n
a germplasm c o l l e c t i o n o f s l i g h t l y over 1,000
e n t r i e s , w h i l e a t Urbana, I l l i n o i s , a c o l l e c -
t i o n o f over 2,500 e n t r i e s i s m a i n t a i n e d . The
e n t i r e c o l l e c t i o n , p r i m a r i l y f r o m e a s t e r n Asia,
r e p r e s e n t s m a t e r i a l f r o m a range of 0° to 60 o
l a t i t u d e . This germplasm c o l l e c t i o n has
p r o v i d e d a r e s e r v o i r o f m a t e r i a l t o i n v e s t i -
gate whenever a new problem was i d e n t i f i e d .
DISEASES
Several diseases and nematodes have been
i d e n t i f i e d a s c a u s i n g r e d u c t i o n s i n y i e l d f o r
soybeans growing in t h e s o u t h e r n U.S. Some
t h a t we have g i v e n c o n s i d e r a t i o n i n o u r t r e e d l n g
program a r e : b a c t e r i a l p u s t u l e (Xanthomonas
p h a s e o l i var. s o j e n s i s ) , w i l d f i r e (Pseudomonas
t a b a c i ) , t a r g e t s p o t (Corynespora c a s s i i c o l a ) ,
p h y t o p h t h o r a r o t ( P h y t o p h t h o r a megasperma v a r .
s o j a e ) , f r o g e y e l e a f spot (Cercospora s o j i n a ) ,
downy mildew (Percnospora m a n s h u r i c a ) , r o o t
k n o t nematode (meloidogyne i n c o g n i t a , and M.
a r e n a r i a ) , c y s t nematode ( H e t e r o d e r a g l y c i n e s ) ,
and soybean mosaic v i r u s . Soybean s t r a i n s
h a v i n g a h i g h l e v e l o f r e s i s t a n c e t o each o f
these problems have been i d e n t i f i e d . In most
cases h i g h l y p r o d u c t i v e c u l t i v a r s h a v i n g a 
h i g h l e v e l o f r e s i s t a n c e have been developed
and r e l e a s e d f o r p r o d u c t i o n , and are b e i n g
grown by f a r m e r s .
Bacterial Pustule
One o f t h e f i r s t diseases o f soybeans t o
1 S e l t a Branch Experiment S t a t i o n , ARS/USOA, S t o n e v i l l e , M i s s i s s i p p i , U.S.A.
305
be g i v e n a t t e n t i o n when r e s e a r c h on t h e c r o p
expanded i n 1943 was b a c t e r i a l p u s t u l e . A l -
though t h e area p l a n t e d t o soybeans was s m a l l ,
a l l areas observed were h e a v i l y i n f e c t e d w i t h
b a c t e r i a l p u s t u l e and w i l d f i r e . Two v e r y
s i m i l a r c u l t i v a r s , 'Nanking' and 'CNS'.were
observed t o b e f r e e o f b o t h d i s e a s e s . L a t e r
s t u d i e s proved b o t h t o b e r e s i s t a n t t o b a c t e -
r i a l p u s t u l e , and t h i s r e s i s t a n c e t o b a c t e r i a l
p u s t u l e was e f f e c t i v e in p r e v e n t i n g d e v e l o p -
ment o f w i l d f i r e . Nanking and CNS were s e l e c -
t i o n s f r o m seed l o t s i n t r o d u c e d f r o m Nanking,
China, i n 1927.
Development of Resistance
to Bacterial Pustule
Genetic s t u d i e s conducted by H a r t w i g and
Lehman (1951) showed t h a t r e s i s t a n c e to b a c t e -
r i a l p u s t u l e was i n h e r i t e d a s a s i m p l e reces-
s i v e c h a r a c t e r . S t u d i e s conducted b y H a r t w i g
and Johnson (1953) u s i n g c l o s e l y r e l a t e d l i n e s
showed t h a t r e d u c t i o n s i n seed y i e l d o f 8 % t o
1 1 % c o u l d be measured f o l l o w i n g a moderate
development o f b a c t e r i a l p u s t u l e . A d d i t i o n a l
s t u d i e s conducted a t S t o n e v i l l e , M i s s i s s i p p i ,
have shown y i e l d r e d u c t i o n s o f 15%. F e a s t e r
(1951) conducted s t u d i e s i n o c u l a t i n g soybeans
a t d i f f e r e n t t i m e s o f t h e day t o d e t e r m i n e t h e
optimum t i m e o f i n o c u l a t i n g b r e e d i n g m a t e r i a l .
He concluded t h a t most severe i n f e c t i o n s were
o b t a i n e d when t h e i n o c u l a t i o n s were made a t
t h e t i m e of day when s t o m a t a l openings were
t h e g r e a t e s t . A t t h i s t i m e , leaves were most
r e a d i l y w a t e r soaked.
A s i m p l i f i e d method f o r f i e l d i n o c u l a t i o n
w i t h b a c t e r i a l p u s t u l e was developed by Jones
and H a r t w i g ( 1 9 5 9 ) . Fresh i n f e c t e d l e a f l e t s
were used as a source o f in o c u l u m by f i r s t
r u n n i n g them t h r o u g h a f o o d chopper and t h e n
comminuting t h i s m a t e r i a l in a f o o d b l e n d e r
w i t h t a p w a t e r . T h i s suspension i s a l l o w e d t o
s t a n d f o r about 2 hours b e f o r e f i l t e r i n g , and
t h e n used t o i n o c u l a t e p l a n t s . I n f e c t e d l e a f -
l e t s may be chopped and f r o z e n and stored for 
use t h e f o l l o w i n g y e a r . I f f r e s h m a t e r i a l i s
d e s i r e d , a s u s c e p t i b l e c u l t i v a r may be p l a n t e d
e a r l y , i n o c u l a t e d w i t h f r o z e n m a t e r i a l and
f r e s h i n f e c t e d leaves used f o r i n o c u l a t i n g t h e
b r e e d i n g n u r s e r y .
A t p r e s e n t , a l l soybean c u l t i v a r s grown
on t h e n e a r l y 8 m i l l i o n h e c t a r e s in t h e South-
e r n U.S. a r e r e s i s t a n t t o b a c t e r i a l p u s t u l e .
Much o f o u r b r e e d i n g m a t e r i a l a t S t o n e v i l l e i s
r e s i s t a n t . However, whenever we u t i l i z e
s t r a i n s f r o m t h e germpiasm c o l l e c t i o n t o i n t r o -
duce a new c h a r a c t e r , we a g a i n i n t r o d u c e
s u s c e p t i b i l i t y t o b a c t e r i a l p u s t u l e . Under
normal summer c o n d i t i o n s at S t o n e v i l l e we have
s e v e r a l w i n d and r a i n s t o r m s . Rain d r i v e n b y
a heavy w i n d w i l l move b a c t e r i a l p u s t u l e f r o m
a n i n f e c t e d l e a f f o r c o n s i d e r a b l e d i s t a n c e .
For s e v e r a l y e a r s , we have f o l l o w e d a program
o f p l a n t i n g 2 rows o f a b a c t e r i a l p u s t u l e
s u s c e p t i b l e c u l t i v a r a t t h e s i d e o f a f i e l d , ,
f o l l o w e d b y 2 0 rows o f e x p e r i m e n t a l s t r a i n s ,
and t h e n a n o t h e r p a i r o f rows o f t h e suscep-
t i b l e c u l t i v a r . When t h e s u s c e p t i b l e c u l t i v a r
has reached t h e 3 t o 5 t r i f o l i l a t e s t a g e ,
f r o z e n i n f e c t e d l e a f l e t s are used a s source o f
i n o c u l u m f o r i n o c u l a t i n g t h e s u s c e p t i b l e
b o r d e r s . Rain w i t h w i n d i s e f f e c t i v e f o r
s p r e a d i n g t h e d i s e a s e t o s u s c e p t i b l e b r e e d i n g
l i n e s . We n o r m a l l y make no s e l e c t i o n f o r
r e s i s t a n c e t o b a c t e r i a l p u s t u l e i n F2, b u t
a t t e m p t t o i d e n t i f y a l l s u s c e p t i b l e o r segre-
g a t i n g l i n e s i n F3. R e s i s t a n t p l a n t s may b e
tagged w i t h i n s e g r e g a t i n g rows. Only b a c t e -
r i a l p u s t u l e r e s i s t a n t l i n e s a r e r e t a i n e d f o r
y i e l d e v a l u a t i o n .
Target Spot
Leaf s p o t t i n g o f s u s c e p t i b l e c u l t i v a r s
and e x p e r i m e n t a l l i n e s caused b y t a r g e t spot
has been observed i n a l l s o u t h e a s t e r n s t a t e s .
A t S t o n e v i l l e , y i e l d r e d u c t i o n s o n s u s c e p t i b l e
c u l t i v a r s o f 18% t o 32% have been measured i n
f i v e o u t o f t e n y e a r s ( H a r t w i g 1959). T a r g e t
s p o t development i s more severe i n y e a r s having
good l a t e season m o i s t u r e . A l t h o u g h t a r g e t
s p o t i n f e c t i o n can b e e s t a b l i s h e d each y e a r ,
development s u f f i c i e n t f o r measuring d i f f e r -
ences among b r e e d i n g l i n e s i s o b t a i n e d o n l y
when l a t e season m o i s t u r e is adequate f o r
s u p p o r t i n g d i s e a s e development. I n view o f
t h e problems o f g e t t i n g heavy d i s e a s e develop-
ment on s u s c e p t i b l e l i n e s , no p r o g r e s s has
been made i n d e t e r m i n i n g t h e n a t u r e o f i n h e r -
i t a n c e o f r e s i s t a n c e t o t a r g e t s p o t . However,
i t has been p o s s i b l e t o i d e n t i f y s u s c e p t i b l e
b r e e d i n g l i n e s and e l i m i n a t e them b e f o r e t h e y
would b e advanced v e r y f a r i n t h e b r e e d i n g
program. A l l c u l t i v a r s r e l e a s e d f o r produc-
t i o n have a h i g h l e v e l o f r e s i s t a n c e .
Phytophthora Rot
P h y t o p h t h o r a r o t was f i r s t r e c o g n i z e d a s
a d i s e a s e of soybeans in 1948. Since t h e n ,
t h e d i s e a s e has been r e p o r t e d in most soybean
p r o d u c i n g areas of t h e U.S. and Canada. The
d i s e a s e is most troublesome on s l o w l y d r a i n e d
c l a y s o i l s . The d i s e a s e may cause seed r o t ,
p r e - o r post-emergence damping o f f , k i l l i n g a t
any t i m e d u r i n g t h e season, or m e r e l y a 
r e d u c t i o n i n p l a n t v i g o r . Several sources o f
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r e s i s t a n c e a r e a v a i l a b l e i n t h e germplasm
c o l l e c t i o n and r e s i s t a n t c u l t i v a r s a r e now
w i d e l y grown. Bernard e t a l . (1957) d e t e r -
mined t h a t a h i g h l e v e l o f r e s i s t a n c e was
c o n t r o l l e d by a s i n g l e dominant gene. Another
n o n a l l e l i c gene f o r r e s i s t a n c e has been de-
s c r i b e d b y K i l e n e t a l . (1974).
Methods of Control
of Phytophthora Rot
Phytophthora r o t c o u l d be a s e r i o u s prob-
lem i n s e v e r a l m i l l i o n hectares o f soybean
p r o d u c t i o n o n t h e a l l u v i a l s o i l s o f t h e l o w e r
M i s s i s s i p p i V a l l e y , i f c u l t i v a r s w i t h a t l e a s t
a moderate l e v e l of r e s i s t a n c e were n o t grown.
Several h i g h l y r e s i s t a n t c u l t i v a r s a r e i n
p r o d u c t i o n . I t i s p o s s i b l e t o i d e n t i f y h i g h l y
s u s c e p t i b l e s t r a i n s i n t h e f i e l d p l a n t i n g s o n
c l a y every y e a r . However, s t r a i n s r a t e d as
m o d e r a t e l y s u s c e p t i b l e may s u r v i v e in some
y e a r s . At p r e s e n t , we grow F2 p o p u l a t i o n s on
a s o i l where p h y t o p h t h o r a r o t i s n o t expected
t o b e a problem and a l l p l a n t s a r e h a r v e s t e d
i n d i v i d u a l l y . During t h e w i n t e r months,
progeny f r o m F2 p l a n t s a r e screened f o r reac-
t i o n t o p h y t o p h t h o r a r o t . Ten seeds f r o m each
F2 p l a n t s are p l a n t e d in sand in 10 cm p o t s ,
and 5 days a f t e r emergence each p l a n t is i n o c -
u l a t e d . A spear p o i n t e d needle i s d i p p e d i n t o
a s e m i s o l i d Uma bean agar c o n t a i n i n g m y c e l i a
and zoospores. P l a n t s are kept in a m o i s t
atmosphere f o r 2 4 hours a f t e r b e i n g i n o c u l a t e d .
S u s c e p t i b l e p l a n t s s h o u l d be dead w i t h i n 4 or
5 days a f t e r i n o c u l a t i o n . A p p r o x i m a t e l y 3 
weeks are r e q u i r e d f o r h a n d l i n g one b a t c h o f
m a t e r i a l . A new p l a n t i n g i s made i m m e d i a t e l y
f o l l o w i n g r e a d i n g o f t h e p r e v i o u s b a t c h . F 3
l i n e s are grown o n c l a y f r o m F 2 p l a n t s c l a s s i -
f i e d a s r e s i s t a n t o r h e t e r o z y g o u s . A p e d i g r e e
b r e e d i n g method i s u t i l i z e d . I n most cases,
u n i f o r m a p p e a r i n g F 5 l i n e s a r e h a r v e s t e d f o r
e v a l u a t i o n f o r seed y i e l d . These l i n e s may b e
rechecked t o assure t h e i r r e s i s t a n c e t o
p h y t o p h t h o r a r o t . R e p l i c a t e d p l a n t i n g s f o r
y i e l d e v a l u a t i o n a r e made on c l a y where
p h y t o p h t h o r a r o t i s a problem.
Root Knot Nematode
While phytophthora rot is a more serious
problem on the slowly drained clay s o i l s , both
root knot and cyst nematodes are more l i k e l y
to be problems on well drained sandy loam
soi l s . The common root knot nematode,
Meloidognye incognita, has a wide variety of
hosts. In southern U.S., it is commonly
referred to as the cotton root knot nematode.
The c u l t i v a r Laredo, once w i d e l y grown f o r
f o r a g e , has a h i g h l e v e l of r e s i s t a n c e , as
does a l s o t h e c u l t l v a r P a l m e t t o . Laredo traces
t o a n i n t r o d u c t i o n f r o m China o b t a i n e d i n 1914,
w h i l e P a l m e t t o t r a c e s t o a n I n t r o d u c t i o n
r e c e i v e d in 1927. Both have been used 1n t h e
b r e e d i n g program. I n each case, i t has been
necessary to make one or more backcrosses to a 
p r o d u c t i v e v a r i e t y i n o r d e r t o o b t a i n h i g h l y
p r o d u c t i v e r o o t k n o t r e s i s t a n t l i n e s .
Breeding for
Root Knot Resistance
B r e e d i n g work t o develop r o o t k n o t r e s i s -
t a n t l i n e s has been conducted p r i m a r i l y i n t h e
f i e l d . Since nematode p o p u l a t i o n s may be
v a r i a b l e i n t h e s o i l , w e c o n s i d e r i t i m p o r t a n t
to use f r e q u e n t checks. We have i d e n t i f i e d
t h e c u l t l v a r Pine D e l l P e r f e c t i o n a s b e i n g
e x t r e m e l y s u s c e p t i b l e . T h i s c u l t i v a r has seed
and p l a n t c h a r a c t e r i s t i c s r e a d i l y i d e n t i f i a b l e
In some of our p l a n t i n g s , we have p l a n t e d 3 
seed of Pine D e l l P e r f e c t i o n w i t h 8 seed f r o m
a s i n g l e p l a n t s e l e c t i o n i n h i l l s spaced 5 0 c m
a p a r t i n t h e row. T h i s method p e r m i t s concen-
t r a t i n g a l a r g e amount o f m a t e r i a l i n a s m a l l
h e a v i l y i n f e s t e d a r e a . I f P1ne D e l l P e r f e c -
t i o n remains h e a l t h y , we know t h e nematode
p o p u l a t i o n was low. However, when Pine D e l l
P e r f e c t i o n p l a n t s d i e i n midseason and t h e
b r e e d i n g l i n e remains v i g o r o u s , w e have c o n f i -
dence t h a t i t has a h i g h l e v e l o f r e s i s t a n c e .
Late i n t h e season, r o o t s are i n s p e c t e d f r o m
t h e h e a l t h i e r appearing l i n e s . Several h i g h l y
r e s i s t a n t c u l t i v a r s have been r e l e a s e d f o r
p r o d u c t i o n .
Soybean Cyst Nematode
Control
The soybean c y s t nematode was f i r s t
r e c o g n i z e d i n the U.S. i n 1954. S h o r t l y a f t e r
i t was i d e n t i f i e d , a search was made t o iso-
l a t e sources o f r e s i s t a n c e . The c u l t i v a r
'Peking', t r a c i n g t o a n i n t r o d u c t i o n f r o m
China o b t a i n e d i n 1907, was f o u n d t o b e r e s i s -
t a n t . Peking i s a b l a c k seeded t y p e grown f o r
f o r a g e purposes. Several o t h e r b l a c k seeded
t y p e s were a l s o found t o b e h i g h l y r e s i s t a n t .
R e s i stance is c o n d i t i o n e d by 3 r e c e s s i v e gene
p a i r s and a dominant gene. In a d d i t i o n , t h e
gene g i v i n g c o l o r e d seed i s c l o s e l y l i n k e d
w i t h a gene f o r r e s i s t a n c e . I t has been
necessary t o d o a l l s c r e e n i n g i n t h e greenhouae
i n s o i l h a v i n g a h i g h c y s t c o n t e n t . F 2 seed
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i s p l a n t e d i n i n f e s t e d s o i l . A p p r o x i m a t e l y 3 0
days a f t e r emergence t h e r o o t s o f each p l a n t
a r e i n s p e c t e d f o r c y s t development. S e e d l i n g s
f r e e o f c y s t s a r e r e p o t t e d and l a t e r t r a n s -
p l a n t e d t o t h e f i e l d . A f t e r m a t u r i t y , progeny
a r e a g a i n checked f o r c y s t r e a c t i o n . Resis-
t a n t p l a n t s a r e used a s p a r e n t s f o r c r o s s i n g
w i t h adapted c u l t i v a r s . I t has been necessary
t o screen very l a r g e p o p u l a t i o n s i n o r d e r t o
have a s u f f i c i e n t number o f r e s i s t a n t l i n e s t o
p e r m i t s e l e c t i o n f o r agronomic c h a r a c t e r s .
R e s i s t a n t c u l t i v a r s have been developed and
a r e b e i n g grown i n r e g i o n s where t h e soybean
c y s t nematode is a problem.
Four races of t h e soybean c y s t nematode
have now been r e c o g n i z e d . The r e s i s t a n c e of
Peking gave adequate p r o t e c t i o n a g a i n s t races
1 and 3. Race 2 has been o f l i t t l e conse-
quence, b u t race 4 has been observed in
l o c a l i z e d areas 1n major soybean areas once
c u l t i v a r s w i t h r e s i s t a n c e to races 1 and 3 
were w i d e l y grown. Resistance to race 4 has
been i d e n t i f i e d and b r e e d i n g l i n e s developed
w i t h t h i s r e s i s t a n c e . I n t h e program t o
d e v e l o p p r o d u c t i v e c u l t i v a r s h a v i n g r e s i s t a n c e
t o race 4 , c u l t i v a r s o r b r e e d i n g l i n e s w i t h
r e s i s t a n c e to races I and 3 were used as
r e c u r r e n t p a r e n t s . Since p r o d u c t i o n f i e l d s
w i l l have a m i x t u r e o f t h e s e v e r a l r a c e s , t h e
c u l t i v a r t o b e grown must b e r e s i s t a n t t o a l l .
Advanced l i n e s w i l l be e v a l u a t e d b o t h on in-
f e s t e d and n o n i n f e s t e d s o i l .
Soybean Mosaic Virus
Soybean mosaic v i r u s i s perhaps t h e most
common v i r u s o f soybeans. I n f e c t e d p l a n t s
have r a t h e r rugose l e a v e s , b u t t h e degree o f
symptoms w i l l v a r y w i t h t h e c u l t i v a r . Seed
fr o m i n f e c t e d p l a n t s w i l l b e m o t t l e d . . T h i s
means t h a t c o l o r which s h o u l d be r e s t r i c t e d t o
t h e h i l u m i s spread t o p a r t s o f t h e seedcoat.
Ross (1968) measured y i e l d r e d u c t i o n s as h i g h
a s 25% a f t e r s e e d l i n g s o f t h e c u l t i v a r s H i l l
and Lee were i n o c u l a t e d w i t h SMV. In s t u d i e s ,
a t S t o n e v i l l e , we have made composites o f
r e s i s t a n t and s u s c e p t i b l e F 2 p l a n t s . When n o t
i n o c u l a t e d t h e two composites produced s i m i l a r
y i e l d s . A f t e r i n o c u l a t i o n , t h e r e s i s t a n t
composite produced a seed y i e l d equal t o i t s
n o n i n o c u l a t e d c o u n t e r p a r t . The seed y i e l d o f
t h e s u s c e p t i b l e composite was reduced 24% a f t e r
i n o c u l a t i o n . We have developed n e a r - i s o g e n i c
l i n e s d i f f e r i n g i n r e a c t i o n t o SMV w h i c h w e
p l a n t o grow a t s e v e r a l l o c a t i o n s t o d e t e r m i n e
t h e f r e q u e n c y o f y i e l d r e d u c t i o n f r o m n a t u r a l
i n f e c t i o n by SMV.
Breeding for Control
of Soybean Mosaic Virus
Several sources of r e s i s t a n c e to SMV have
been i d e n t i f i e d and a r e b e i n g u t i l i z e d 1 n t h e
b r e e d i n g program. D i f f e r e n c e s have a l s o been
noted among s t r a i n s of SMV. R e s i s t a n c e to SMV
appears t o b e s i m p l y i n h e r i t e d w i t h r e s i s t a n c e
b e i n g dominant. A s u s c e p t i b l e v a r i e t y i s
p l a n t e d i n t h e f i e l d e a r l i e r t h a n normal
p l a n t i n g s and i n o c u l a t e d w i t h l e a f m a t e r i a l o n
p l a n t s i n t h e greenhouse. T h i s p r o v i d e s a n
abundance o f f r e s h i n o c u l u m f o r o t h e r b r e e d i n g
m a t e r i a l . N o r m a l l y w e i n o c u l a t e F 2 p l a n t s
soon a f t e r emergence. S u s c e p t i b l e p l a n t s can
be i d e n t i f i e d and e l i m i n a t e d in a few weeks.
F 3 l i n e s are grown f r o m r e s i s t a n t and h e t e r o -
zygous F 2 p l a n t s . I n most cases we w i l l
s u b j e c t F 3 and F 4 l i n e s t o o t h e r s e l e c t i o n
p r e s s u r e s and i n o c u l a t e F 5 l i n e s f r o m crosses
e x p e c t e d t o s e g r e g a t e f o r r e a c t i o n t o SMV.
In o u r b r e e d i n g program, we have found 1t
p o s s i b l e t o l o c a t e sources o f r e s i s t a n c e t o
d i s e a s e or nematode problems once t h e problem
was i d e n t i f i e d . I n a l l cases t h e source o f
r e s i s t a n c e has been low y i e l d i n g , s u s c e p t i b l e
t o s h a t t e r i n g , s u s c e p t i b l e t o o t h e r d i s e a s e s ,
and i n g e n e r a l , poor i n agronomic q u a l i t i e s .
I n s t u d i e s a t S t o n e v i l l e u t i l i z i n g s e v e r a l
s t r a i n s f r o m t h e germplasm c o l l e c t i o n as a 
p a r e n t w i t h a n adapted c u l t i v a r ( H a r t w i g 1972),
t h e b e s t o f t h e r e c o v e r e d l i n e s y i e l d e d o n l y
80% as w e l l as t h e adapted p a r e n t . Thus, 1t
appears necessary to make one or more back-
cro s s e s t o a n adapted s t r a i n i n o r d e r t o
o b t a i n s t r a i n s which w i l l equal adapted c u l -
t i v a r s i n y i e l d where t h e problem does n o t
o c c u r .
BREEDING OBJECTIVES
B r e e d i n g f o r r e s i s t a n c e t o s e v e r a l p e s t
problems has been d i s c u s s e d i n d i v i d u a l l y .
Problems do n o t n o r m a l l y occur in i s o l a t e d
a r e a s . M u l t i p l e p e s t r e s i s t a n c e has been o u r
o v e r a l l o b j e c t i v e a l o n g w i t h good agronomic
q u a l i t i e s , h i g h y i e l d p o t e n t i a l , and a p r o d u c t
w h i ch meets market r e q u i r e m e n t s . B r e e d i n g f o r
improvement must be a g e n e r a l b u i l d i n g program
t o i n c o r p o r a t e a d d i t i o n a l c h a r a c t e r s which
w i l l improve t h e p r o d u c t . A s t h i s i s b e i n g
done, c a r e must b e t a k e n t o see t h a t s u s c e p t i -
b i l i t y t o a n o t h e r problem i s n o t i n t r o d u c e d . ,
E v a l u a t i n g b r e e d i n g l i n e s i n s e v e r a l e n v i r o n -
ments w i l l a i d in t h i s r e g a r d . B a s i c a l l y -
c y s t nematodes and p h y t o p h t h o r a r o t s h o u l d n o t
b e expected to be m a j o r problems in the same
s o i l . However, i t is p o s s i b l e i n a 200 h e c t -
a r e f i e l d t o have areas where p h y t o p h t h o r a rot
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causes damage t o a s u s c e p t i b l e c u l t i v a r and
o t h e r areas where c y s t nematodes cause i n j u r y .
Consequently, we have had to i n c o r p o r a t e
r e s i s t a n c e t o b o t h p h y t o p h t h o r a r o t and c y s t
nematodes i n t o one v a r i e t y . This t a s k has
been accomplished w i t h l e s s d i f f i c u l t y by
f i r s t h a v i n g r e s i s t a n c e t o each i n a h i g h l y
p r o d u c t i v e c u l t i v a r .
Problems such as c y s t nematodes and r o o t
k n o t nematodes are more l i k e l y t o o c c u r i n t h e
same s o i l t y p e . The c u l t i v a r F o r r e s t , r e -
l e a s e d f o r commercial p r o d u c t i o n i n 1972, i s
h i g h l y r e s i s t a n t t o t h e more p r e v a l e n t races
o f c y s t nematode, r o o t knot nematode, and
r e n i f o r m nematode. I n a d d i t i o n , i t has a 
moderate l e v e l o f r e s i s t a n c e t o p h y t o p h t h o r a
r o t and i s h i g h l y r e s i s t a n t t o t h e major
f o l i a r d i s e a s e s . A l t h o u g h nematode r e s i s t a n c e
was t h e major o b j e c t i v e in t h e development of
F o r r e s t , over a 2 y e a r p e r i o d at over 20 t e s t
l o c a t i o n s i t has produced seed y i e l d s 8 % supe-
r i o r t o t h e h i g h e s t y i e l d i n g v a r i e t y o f sim-
i l a r m a t u r i t y where nematodes were n o t a 
problem. These r e s u l t s i l l u s t r a t e t h a t we can
improve e f f i c i e n c y o f p r o d u c t i o n along w i t h
r e d u c i n g hazards t o p r o d u c t i o n .
The c u l t i v a r F o r r e s t i s m o d e r a t e l y r e s i s -
t a n t t o p h y t o p h t h o r a r o t b u t does not have t h e
h i g h e s t l e v e l of r e s i s t a n c e . We have developed
b r e e d i n g l i n e s h a v i n g the same l e v e l o f nem-
atode r e s i s t a n c e as F o r r e s t b u t h a v i n g a 
h i g h e r l e v e l o f r e s i s t a n c e t o p h y t o p h t h o r a r o t .
Some o f t h e s e l i n e s have been h y b r i d i z e d w i t h
b r e e d i n g l i n e s h a v i n g a h i g h l e v e l o f r e s i s -
t a n c e t o another r o o t knot nematode,
Meliodogyne a r e n a r i a . We a l r e a d y have h i g h l y
p r o d u c t i v e s t r a i n s r e s i s t a n t t o f o l i a r d i s -
ease, p h y t o p h t h o r a r o t , and two r o o t knot
nematodes, M. i n c o g n i t a and M. a r e n a r i a , so
our o b j e c t i v e here i s t o add r e s i s t a n c e t o c y s t
nematodes.
H i g h l y p r o d u c t i v e c u l t i v a r s must b e a t
l e a s t m o d e r a t e l y r e s i s t a n t t o pest problems,
if t h e y a r e to produce c o n s i s t e n t l y . Re-
sponses t o f e r t i l i t y o r management cannot be
measured s u c c e s s f u l l y w i t h o u t a good d i s e a s e
r e s i s t a n t c u l t i v a r .
Y.L. Nene:
T. Bezuneh:
H.K. J a i n :
Y.L. Nene:
W.J. K a i s e r :
DISCUSSION
I want to know whether 1n your opinion the e n t i r e breeding material
at ICRISAT should pass through the sieve of the disease nursery w i t h
p a r t i c u l a r l y important diseases l i k e pigeonpea and chickpea w i l t .
In my opinion 1t may not be very desirable since the pathogen or the
diseases at one place may not be the same at another place and in
t h a t case 1f we stress too much a p a r t i c u l a r disease f a c t o r we may
lose s i g h t of other important f a c t o r s . This may t u r n out to be
highly elusive when we are not sure of the causal organisms or the
races involved in various regions of the semiarid t r o p i c s . This way,
some very valuable material may be l o s t which may have d e f i n i t e use
1n other areas of the world.
W i l l Dr. Nene suggest to the breeders the technique f o r s e l e c t i n g f o r
w i l t resistance in chickpea which 1s a great problem at present.
The lack of basic Information on the e t i o l o g y of the disease and the
r a c i a l pattern of the organisms involved is the major handicap at
present. However, I am q u i t e o p t i m i s t i c about having the needed
Information in the near f u t u r e .
Screening f o r w i l t resistance should be done i n areas where disease
incidence was high in a d d i t i o n to e s t a b l i s h i n g w i l t sick p l o t s at
ICRISAT. However, I would not advise t h i s f o r v i r u s , p a r t i c u l a r l y
f o r those which do not occur 1n India. I suggest t h a t the screening
against chickpea v i r u s could be done in I r a n , where these viruses
occur f r e q u e n t l y in chickpea growing areas.
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REVIEW OF E. E. HARTWIG'S PAPER
Y. L. Nene1
INTRODUCTION
As we know, one o f t h e f e a t u r e s o f a g r i -
c u l t u r e i n t h e s e m i a r i d t r o p i c s i s t h e c a p i t a l -
s c a r c e economy. Because o f t h e l i m i t e d
c a p a c i t y o f t h e f a rme rs f o r i n p u t s c o s t i n g
cash money, v a r i e t i e s o f p igeonpea and c h i c k -
pea w i t h b u i l t - i n r e s i s t a n c e t o ma jo r d i s e a s e s
wou ld be most welcome. There can be no two
o p i n i o n s o n t h e p o i n t t h a t b r e e d i n g d i s e a s e
r e s i s t a n t v a r i e t i e s s h o u l d b e a t o p p r i o r i t y
i t e m . The p r e s e n t s e s s i o n i s , t h e r e f o r e , a 
very i m p o r t a n t one .
Dr . H a r t w i g ' s paper b e a u t i f u l l y and very 
c l e a r l y b r i n g s o u t what c o u l d be a c h i e v e d i n
t h e d i r e c t i o n o f b r e e d i n g d i s e a s e r e s i s t a n t
v a r i e t i e s t h r o u g h i n t e n s i v e and s u s t a i n e d
e f f o r t s . A l t h o u g h h i s paper d e a l s w i t h t h e
soybeans , t h e r e 1s a g r e a t dea l we can l e a r n
f r o m each and every s i t u a t i o n he has d i s c u s s e d .
W e a r e l i k e l y t o f a c e s i m i l a r s i t u a t i o n s once
o u r ch i ckpea and p igeonpea programs g e t g o i n g .
PATHOGENS OF CHICKPEA
AND PIGEONPEA
B e f o r e I i n i t i a t e d i s c u s s i o n on
Dr . H a r t w i g ' s p a p e r , i t wou ld b e a p p r o p r i a t e
t o t a k e s t o c k o f t h e d i s e a s e s i t u a t i o n i n
p igeonpea and c h i c k p e a . The a v a i l a b l e l i t e r -
a t u r e r e v e a l s q u i t e a l a r g e number o f p a t h o -
gens r e p o r t e d l y a f f e c t i n g t hese two c r o p s .
The p o s i t i o n i s summarized i n T a b l e 1 .
F o r t u n a t e l y n o t a l l d i s e a s e s a r e s e r i o u s
and h o p e f u l l y t h e y w i l l n o t b e s e r i o u s a t any
one t ime and a t any one l o c a t i o n . I t i s g o o d ,
however , t o know t h e p o t e n t i a l enemies o f
t hese two c r o p s . A t p r e s e n t t h e d i seases
wh i ch c o u l d be c o n s i d e r e d r e l a t i v e l y more
common a r e :
P igeonpea : w i l t ( F u s a r i u m oxysporum f .
s p . udum), s t e r i l i t y m o s a i c ,
l e a f s p o t s (Ce rcospo ra s p p . ) ,
b a c t e r i a l l e a f s p o t and s tem
c a n k e r (Xanthomonas c a j a n i )
s tem a n t h r a c n o s e ( C o l l e t o -
t r i c h u m c a j a n i ) , y e l l o w
m o s a i c .
C h i c k p e a : w i l t / r o o t r o t s b y s e v e r a l
p a t h o g e n s , Ascochv ta b l i g h t ,
B o t r y t i s g r e y m o u l d , and r u s t
(Uromyces c i c e r i s - a r i e t i n i ) .
F u r t h e r s h o r t l i s t i n g f o r i d e n t i f y i n g t r u l y
m a j o r problems b r i n g s u s t o w i l t and s t e r i l i t y
mosaic i n p igeonpea and t h e f o u r prob lems o f
c h i c k p e a l i s t e d above . These a r e t h e d i seases
we s h o u l d w o r r y abou t a t p r e s e n t .
Chickpea and
Pigeonpea Resistance
L e t us t h e n r e v i e w what we a l r e a d y know
abou t t h e sources o f r e s i s t a n c e a g a i n s t some
o f t hese d i seases and abou t t h e s t u d i e s on
Table 1. Diseases/Pathogens" Reported on Chickpea
and Pigeonpea
Fungi
B a c t e r i a



















* Some of t hese a r e o b v i o u s l y synonyms and
t h e r e f o r e t h e a c t u a l number s h o u l d be
somewhat l e s s . L i s t s have been appended.
1
 I n t e r n a t i o n a l Crops Research I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s , Hyde rabad , I n d i a
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mode o f i n h e r i t a n c e . I n f a c t t h e a v a i l a b l e
i n f o r m a t i o n is v e r y meager.
The c u l t i v a r G-24 of chickpea was c l a i m e d
r e s i s t a n t / t o l e r a n t t o Fusarium w i l t i n Punjab,
b u t was l a t e r found s u s c e p t i b l e (K.B. Singh
1973). Some 11 l i n e s were found r e s i s t a n t t o
Fusarium w i l t a t Kanpur, I n d i a and t h r e e o f
t h e s e ( 1 0 0 , 1 0 1 , 106) have been used in t h e
h y b r i d i z a t i o n program w i t h T-2 and T-3
c u l t i v a r s . A l s o , two s e l e c t i o n s (32/35-8/7
and 32/35-32/2) o b t a i n e d f r o m t h e F5 of t h e
c r o s s between 100 x 106 have been c l a i m e d
p r o m i s i n g (D.V. Singh e t a l . 1973). The
c u l t i v a r C 612 f r o m P a k i s t a n (H. Singh 1957)
was r e p o r t e d r e s i s t a n t t o Ascochyta b l i g h t .
One b l a c k seeded l i n e f r o m I s r a e l ( A c c e s s i o n
No.12-074-06625) proved h i g h l y r e s i s t a n t t o
Ascochyta ( K a i s e r 1972). In pigeonpea, more
t h a n 30 l i n e s / v a r i e t i e s have been c l a i m e d as
t o l e r a n t , s u f f i c i e n t l y r e s i s t a n t and r e s i s t a n t
i n I n d i a . However, t h e i r a v a i l a b i l i t y i s
d i f f i c u l t . I n some cases it i s n o t c e r t a i n
whether t h e seed has remained pure. The most
commonly c l a i m e d r e s i s t a n c e source f r o m New
D e l h i is NP (WR) 15, b u t 1t has been found
s u s c e p t i b l e a t Parbhani i n c e n t r a l I n d i a .
A g a i n s t s t e r i l i t y mosaic, s e v e r a l t o l e r a n t
l i n e s have been i d e n t i f i e d a t Coimbatore,
which i n c i d e n t a l l y i n c l u d e w i l t r e s i s t a n t N P
(WR) 15 (Ramakrishnan and Kandaswamy 1972).
We know v e r y l i t t l e about t h e i n h e r i t a n c e
o f r e s i s t a n c e . A s i n g l e r e p o r t o n t h e i n h e r i -
t a n c e o f chickpea Fusarium w i l t r e s i s t a n c e
t e l l s u s t h a t 1 t i s c o n t r o l l e d b y a s i n g l e
p a i r o f genes (Ayyar and I y e r 1936). R e s i s -
t a n c e t o pigeonpea w i l t i s s t a t e d t o b e
c o n t r o l l e d b y a p a i r o f d u p l i c a t e dominant
genes ( J o s h i 1957) and a l s o by m u l t i p l e genes
( P a l 1934; Shaw 1936).
OBSERVATIONS ON
RESISTANCE BREEDING
With t h i s background I n f o r m a t i o n o n
c h i c k p e a and pigeonpea d i s e a s e s , l e t me draw
upon a few examples Dr. H a r t w i g has d e s c r i b e d
1 n h i s paper t o p o i n t o u t s i t u a t i o n s which w e
m i g h t come across 1n our programs of b r e e d i n g
f o r disease r e s i s t a n c e . Dr. H a r t w i g has
d e s c r i b e d how c u l t i v a r s r e s i s t a n t t o r o o t k n o t
were developed. I t i s i n t e r e s t i n g t o see t h e
m o d i f i c a t i o n made i n t h e s c r e e n i n g procedure
t o i n c r e a s e r e l i a b i l i t y o f t h e t e s t , b y
p l a n t i n g i n h i l l s t h e seed o f s u s c e p t i b l e P1ne
D e l l P e r f e c t i o n i n t h e same row w i t h s e l e c t e d
m a t e r i a l . Such a m o d i f i c a t i o n is e s s e n t i a l in
case of a s o i l i n h a b i t i n g pathogen. I e x p e c t
we w i l l have t o r e s o r t t o s i m i l a r procedures
when we screen m a t e r i a l f o r w i l t r e s i s t a n c e
b o t h i n c h i c k p e a and pigeonpea. Or. H a r t w i g
has a l s o c i t e d t h e example o f soybean c y s t
nematode. The r e s i s t a n c e i n b l a c k seeded
m a t e r i a l s l i k e Peking is governed by 3 r e c e s -
s i v e gene p a i r s and a dominant gene and the.
gene g i v i n g c o l o r e d seed i s l i n k e d w i t h gene
f o r r e s i s t a n c e . The s i t u a t i o n i s f u r t h e r
c o m p l i c a t e d b y t h e presence o f r a c e s . A l l
t h i s has n e c e s s i t a t e d p r o d u c i n g and s c r e e n i n g
a l a r g e amount of b r e e d i n g m a t e r i a l and a 
s u s t a i n e d e f f o r t . Once a g a i n , we may come
across a s i m i l a r s i t u a t i o n i n w i l t s o f c h i c k -
pea and pigeonpea. T h i s is more so because
t h e r e a r e i n d i c a t i o n s o f t h e presence o f
p h y s i o l o g i c races o f t h e pigeonpea w i l t fungus.
Dr. H a r t w i g has mentioned t h e c u l t i v a r F o r r e s t
i n h i s paper which has r e s i s t a n c e t o v a r i o u s
nematodes and major f o l i a r d i s eases and a l s o a 
moderate l e v e l o f r e s i s t a n c e t o p h y t o p h t h o r a
r o t . T h i s t e l l s us t h e way and g i v e s us hope
o f b e i n g a b l e t o d e v e l o p pigeonpea and c h i c k -
pea c u l t i v a r s p o s s e s s i n g r e s i s t a n c e t o s e v e r a l
major d i s e a s e s .
Resistance Screening Methods
L e t me focus a t t e n t i o n now to t h e q u e s t i o n
o f r e s i s t a n c e s c r e e n i n g . I n e v e r y s i t u a t i o n ,
Dr. H a r t w i g has mentioned t h e s c r e e n i n g
procedures f o l l o w e d . As we know, t h e success
of any r e s i s t a n c e b r e e d i n g program depends
l a r g e l y o n how e f f i c i e n t and r e l i a b l e t h e
s c r e e n i n g has been. The w i l t o f pigeonpea and
t h e s t e r i l i t y mosaic a r e fo u n d a t ICRISAT.
L i k e w i s e w i l t and r o o t r o t s o f c h i c k p e a have
a l s o been observed. I t s h o u l d t h e r e f o r e b e
p o s s i b l e t o screen t h e germplasm h e r e i t s e l f
b y h a v i n g s i c k p l o t s ( f o r w i l t s o n l y ) where
heavy i n o c u l u m of t h e pathogens would be added
r e p e a t e d l y . T h i s I c o n s i d e r necessary t o
screen l a r g e amounts o f germplasm and b r e e d i n g
m a t e r i a l under o t h e r w i s e n a t u r a l c o n d i t i o n s .
There i s always a n apprehension t h a t h a v i n g
s i c k p l o t s on t h e f a r m w i l l pose a t h r e a t t o
o t h e r p l a n t i n g s . I b e l i e v e s e l e c t i o n o f p l o t s
i n a c o r n e r o f t h e f a r m s h o u l d m i n i m i z e such a 
danger and a l s o t h e g a i n s we make by h a v i n g
s i c k p l o t s s h o u l d o u t w e i g h any r i s k s i n v o l v e d .
I am g l a d to say t h a t we a r e c u r r e n t l y busy
d e v e l o p i n g a s i c k p l o t f o r pigeonpea w i l t .
C e r t a i n pathogens l i k e c h i c k p e a Ascochyta
and t h e r u s t fungus a r e n o t observed i n
c l i m a t i c c o n d i t i o n s o f Hyderabad b u t are
commonly p r e v a l e n t in n o r t h I n d i a . These
d i s e a s e s a r e , however, v e r y i m p o r t a n t and
cannot be i g n o r e d . I suggest t h a t t h e r e should
b e a l o c a t i o n f o r s c r e e n i n g a g a i n s t t h e s e two
d i s e a s e s somewhere in n o r t h ' I n d i a . T h i s w i l l
s u p p o r t t h e b r e e d i n g program w h i c h has been
312
planned f o r c o o l e r r e g i o n s . I must make men-
t i o n here t h a t i t might b e p o s s i b l e t o produce
t h e s e two diseases i n t h e glasshouse. I f w e
succeed, s c r e e n i n g i n t h e glasshouse would
u s e f u l l y supplement f i e l d s c r e e n i n g . Since
Ascochyta s p e c i e s are known to produce
p a t h o t o x i n s , i n v e s t i g a t i o n s s h o u l d b e under-
t a k e n t o see i f w e c o u l d d o s c r e e n i n g i n t h e
l a b o r a t o r y by u s i n g such a t o x i n .
Other Breeding Problems
Another p o i n t which needs a t t e n t i o n i s
whether t h e e n t i r e b r e e d i n g m a t e r i a l s h o u l d b e
screened f o r r e s i s t a n c e t o major diseases and
d i s c a r d i n g what i s s u s c e p t i b l e . I understand
t h a t t h e e n t i r e b r e e d i n g m a t e r i a l passes
t h r o u g h disease s c r e e n i n g n u r s e r i e s a t t h e
CIMMYT and t h e same i s now bei n g done a t t h e
IRRI. At ICRISAT, we are n o t y e t ready to do
mass s c r e e n i n g , say in case o f pigeonpea w i l t ,
because i t w i l l t a k e a t l e a s t a y e a r from now
to develop a w i l t sick p l o t . I have my own
views o n t h i s s u b j e c t b u t I would l i k e t h i s
m a t t e r t o b e d i s c u s s e d b y t h e p a r t i c i p a n t s .
Use of Disease Nurseries
Experience a t o t h e r i n s t i t u t i o n s has
r e v e a l e d t h a t o p e r a t i n g i n t e r n a t i o n a l disease
n u r s e r i e s has y i e l d e d v e r y u s e f u l r e s u l t s .
Such n u r s e r i e s ( 1 ) g i v e i n f o r m a t i o n on patho-
gen v a r i a b i l i t y , ( 2 ) i n d i c a t e performance o f
m a t e r i a l s under d i f f e r e n t a g r o c l i m a t i c
c o n d i t i o n s , (3) i n d i c a t e s u s c e p t i b i l i t y /
r e s i s t a n c e t o o t h e r diseases o f l o c a l impor-
t a n c e , and (4) g i v e o p p o r t u n i t y t o o t h e r
c o l l a b o r a t i n g s c i e n t i s t s t o observe i n t e r n a -
t i o n a l m a t e r i a l . O p e r a t i n g such n u r s e r i e s
f r o m ICRISAT, I t h i n k , would be v e r y u s e f u l .
I n case o f s o i l borne diseases l i k e w i l t s , i t
would b e h i g h l y d e s i r a b l e t o have s i c k p l o t s
a t t h e c o o p e r a t i n g c e n t e r s .
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Ascochy ta r a b i e i
( M y c o s p h a e r e l l a r a b l e i )
B o t r y t i s c i n e r e a
C o l l e t o t r i c h u m t r i f o l i i
( a r t i f i c i a l 1 n o c . )
M y s t r o s p o r i u m s p .
S temphy l ium s a r c i n i f o r m e
Stemphy l ium bo t r yosum













M y c o s p h a e r e l l a phaseoli
(D ry r o o t r o t )
N i g r o s p o r a s p .
O p e r c u l e l l a p a d w i c k i l ( F o o t r o t )
Ozonium taxanum v a r . p a r a s i t i c u m
P e l l i c u l a r i a f i l a m e n t o s a
( C o l l a r r o t , r o o t r o t )
( S c l e r o t i u m r o l f s i i )
P h y t o p h t h o r a c r y p t o g a e a
P. megasperma
P . p a r a s i t i c a (some i s o l a t e s )
Py th ium aphan idermatum
Py th ium s p .
R h i z o c t o n i a b a t a t i c o l a ( w i l t )
S c l e r o t i n i a s c l e r o t i o r u m
B u l g a r i a , Canada, E . A f r i c a ,
G r e e c e , I n d i a , I r a n , I s r a e l , I t a l y ,
Lebanon , M e x i c o , M o r o c c o , P a k i s t a n ,
S p a i n , T u r k e y , U .S .S .R .
A r g e n t i n a , A u s t r a l i a , C o l o m b i a ,
I n d i a
I n d i a
I n d i a , I r a n
I n d i a
E t h i o p i a , I r a n
I n d i a
I n d i a
I n d i a
I n d i a
E t h i o p i a , I n d i a
?
I n d i a
?
A r g e n t i n a , A u s t r a l i a
I r a n
A u s t r a l i a ( ? ) , E t h i o p i a ( ? ) , I n d i a
A u s t r a l i a , I n d i a , I r a n
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FUNGAL (continued)
W i l t s
* * 1 . Fusar ium oxysporum f . s p . c i c e r i
2 . V e r t i c i l l i u m a l b o a t r u m
Rust
* 1 . Uromyces c i c e r i s - a r i e t i n i
Powdery mi ldew
1 . L e v e i l l u l a t a u r i c a
2 . E r y s i p h e s p .
BACTERIAL
1 . Xanthomonas c a s s i a e
( S e e d l i n g r o t )
VIRAL ( S t u n t i n g , c h l o r o s i s , w i l t i n g , p r o l i f e r a t i o n )
1 . A l f a l f a mosaic v i r u s
2 . Bean y e l l o w mosaic v i r u s
3 . Cucumber mosaic v i r u s
4 . L e t t u c e n e c r o t i c y e l l o w s v i r u s
5 . Pea l e a f r o l l v i r u s
6 . Pea e n a t i o n mosaic v i r u s
7 . P h y l l o d y ( v i r u s ? )
NEMATODE
1 . Me lo idogyne j a v a n i c a (Root k n o t )
OTHERS
1 . Lea f y e l l o w i n g and b r o n z i n g due t o
h i g h s a l t c o n t e n t ( ? )
* * 2 . W i l t s o f unknown e t i o l o g i e s
* Common
** More common
A u s t r a l i a ( ? ) , E t h i o p i a ( ? ) , I n d i a ,
P a k i s t a n , P e r u , U.S.A.
U.S.A.
A f g h a n i s t a n , B u l g a r i a , F r a n c e , I n d i a ,
I r a n , Mexico
Sudan
I r a n
I n d i a
I r a n
I r a n
C o l o m b i a , I r a n
A u s t r a l i a
I r a n
U.S.A. ( C a l i f . )
I n d i a
I n d i a
I n d i a
I n d i a




















Ascochy ta i m p e r f e c t a
( a r t i f i c i a l i n o c u l a t i o n )
Cercospora c a j a n i
Cercospora i n d i c a
Cercospora i n s t a b i l i s
C e r c o s e p t o r i a c a j a n i c o l a
C h a e t o s e p t o r i a w e l l m a n i
Choanephora c u c u r b i t a r u m
(we t l e a f r o t )
C o l l e t o t r i c h u m c a j a n i
( a l s o stem a n t h r a c n o s e )
( G l o m e r e l l a c i n g u l a t a )
L e p t o s p h a e r u l i n a b r i o s i a n a
(brown l e a f s p o t )
Macrophomina c a j a n i c o l a
Macrophomina phaseol i
Phoma s p . ( c a n k e r )
P h y l l o s t i c t a c a j a n i
Py renochae ta c a j a n i








B o t r y o s p h a e r i a x a n t h o c e p h a l a
C o r t i c i u m s a l m o n i c o l o r
Dendroch ium g igaspo rum
D i p l o d i a c a j a n i
Macrophoma c a j a n i
Neocosmospora v a s i n f e c t a























U .S .A .
Domin ican R e p u b l i c , I n d i a , Kenya ,
M a u r i t i u s , R h o d e s i a , T a n z a n i a ,
Venezue la
I n d i a
I n d i a
I n d i a
Guatemala
I n d i a
I n d i a , P u e r t o R ico
I n d i a
I n d i a
I n d i a
P u e r t o R ico
B r a z i l , I n d i a
I n d i a
I n d i a , P u e r t o R i c o
New C a l e d o n i a
Uganda
I n d i a
I n d i a
I n d i a
T r i n i d a d
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FUNGAL (continued)
8 . P h y t o p h t h o r a d r e c h l e r i
9 . Py th ium aphanidermatum
10 . R h i z o c t o n i a s o l a n i
1 1 . S c l e r o t i n i a s c l e r o t i o r u m
(on pods)
12 . S c l e r o t i u m r o l f s i i
13 . S y n c h y t r i u m phaseoli - r a d i a t a
( a l s o on l e a v e s )
14 . S y n c h y t r i u m u n b i l i c a t u m
( W o r o n i n e l l a u m b i l i c a t a )
wilts
* * 1 . Fusar ium oxysporum f . s p . udum
Rust
1 . Uromyces d o l i c h o l i
Powdery mildew
1 . L e v e i l l u l a t a u r i c a
BACTERIAL LEAF SPOTS AND STEM CANKERS
1 . Pseudomonas s p .
( f r o m c o f f e e - p a t h o g e n i c t o
p igeonpea)
* 2. Xanthomonas c a j a n i
( a l s o c a l l e d X . p h a s e o l i f . s p .
c a j a n i )
VIRUS AND MYCOPLASMA (?)
* * 1 . S t e r i l i t y mosa ic
* 2. Y e l l o w mosa ic
3 . W i t c h e s ' broom ( p r o l i f e r a t i o n
d i s e a s e )
4 . A cowpea mosa ic v i r u s

















I n d i a
I n d i a
I n d i a , S i e r r a Leone , P h i l i p p i n e s
Bermuda
I n d i a
I n d i a
I n d i a
I n d i a , Tanzan ia ( ? ) , Uganda ( ? )
Bermuda, C o l o m b i a , Kenya
I n d i a , Tanzan ia
B r a z i l
I n d i a , Sudan
Burma, I n d i a
I n d i a , P u e r t o R i c o , Sr1 Lanka
Domin ican R e p u b l i c , New G u i n e a ,
P u e r t o R ico
P u e r t o R i c o , T r i n i d a d
NEMATODE
1. Heterodera avenae - I n d i a
2. Heterodera c a j a n i - I n d i a
3. Heterodera v i g r i - I n d i a
4. Meloidogyne i n c o g n i t a - I n d i a
5. Meloidogyne j a v a n i c a - I n d i a
6. R o t y l e n c h u l u s r e n i f o r m i s - I n d i a
7. Tylenchorhynchus spp. - I n d i a
ALGA
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INSECT PESTS OF PIGEONPEA
AND CHICKPEA IN INDIA
AND PROSPECTS FOR CONTROL
J. C. Davies and S. S. Lateef1
INTRODUCTION
As has been r e p o r t e d in t h e resource
papers, pigeonpea and chickpea c o n s t i t u t e an
e x t r e m e l y i m p o r t a n t p a r t o f t h e d i e t o f t h e
peoples l i v i n g i n t h e s e m i a r i d t r o p i c s . They
f i g u r e c o n s p i c u o u s l y i n the i n t e r n a l markets
in many such c o u n t r i e s , and undoubtedly a 
c o n s i d e r a b l e p r o p o r t i o n o f the p r o d u c t i o n
never f i g u r e s i n o f f i c i a l s t a t i s t i c s , s i n c e
l a r g e q u a n t i t i e s a re consumed on t h e home-
steads. I n s p i t e o f these f a c t s , these crops
have been l a r g e l y n e g l e c t e d in a research
sense u n t i l r e l a t i v e l y r e c e n t l y , p r o b a b l y i n
view o f t h e f a c t t h a t t h e y d i d n o t form
i m p o r t a n t sources o f e x t e r n a l revenue earnings.
I n s p i t e o f t h e f a c t t h a t t h e r e has been a 
c o n s i d e r a b l e s t i m u l u s t o r e s e a r c h o n these
crops i n I n d i a i n t h e past s i x t o t e n years under
t h e aegis of ICAR, an e n t o m o l o g i s t coming to
t h e crops ' c o l d ' faces a s c a t t e r e d , o f t e n
c o n t r a d i c t o r y and sometimes v e r y t h i n
l i t e r a t u r e . W e propose t h e r e f o r e t o d i s c u s s
r a t h e r g e n e r a l l y some o f t h e problems f a c i n g
e n t o m o l o g i s t s and breeders w i t h r e g a r d t o
c o n t r o l i n t h e c o n t e x t o f t h e known f o r m i d a b l e
pest and p o t e n t i a l pest l i s t which has been
drawn u p f o r I n d i a , p a r t i c u l a r l y f o r t h e
pigeonpea crop.
PRINCIPAL PESTS
OF CAJANUS AND CICER
A l i s t o f some o f t h e known pest species
f r o m t h e two crops i n I n d i a i s g i v e n i n
Appendices I and I I . Many o f t h e pests a r e o f
l o c a l o r o c c a s i o n a l i m p o r t a n c e , and t h e e x a c t
s t a t u s o f o t h e r s i s p r o b l e m a t i c a l . W e propose
t h e r e f o r e t o d i s c u s s t h e p r o s p e c t s f o r c o n t r o l
i n t h e l i g h t o f t h e t h r e e pests which t h e
l i t e r a t u r e i n d i c a t e s a r e p r o b a b l y t h e p r i n c i p a l
sources o f l o s s i n I n d i a , and perhaps s t i m -
u l a t e d i s c u s s i o n on areas where i n f o r m a t i o n
has y e t t o be f u l l y documented on them.
In pigeonpea t h e general consensus of
o p i n i o n seems to be t h a t t h e g r a i n pod b o r e r
H e l i o t h i s armigera is t h e main and most wide-
spread p e s t , c l o s e l y f o l l o w e d b y t h e t u r pod
f l y , Melanagromyza obtusa w h i l e t h e t u r plume
moths Marasmarcna l i o p h a n e s / E x e r l a s t i s atomosa/
Sphenarches complex can be damaging, On
c h i c k p e a , o n l y H. armigera appears to rank as
a r e g u l a r , s i g n i f i c a n t and damaging p e s t . I t
must be s t r e s s e d t h a t p e r i o d i c a l l y p e s t s such
as Amsacta a l b i s t r i g a on pigeonpeas and
A g r o t i s sp. on chickpea can and do cause severe
l o c a l damage i n some seasons.
I t i s necessary t o d e t a i l a few o f t h e
more s i g n i f i c a n t f a c t s about t h e l i f e h i s t o r i e s
o f t h e t h r e e main p e s t s , but t h e y a r e not
going to be covered e x h a u s t i v e l y .
H. armigera
H. armigera is a medium s i z e d moth which
is g e n e r a l l y accepted to be a c o s m o p o l i t a n Old
World s p e c i e s . The eggs are l a i d s i n g l y , a r e
small b e a u t i f u l l y s c u l p t u r e d , w h i t e , and
n o r m a l l y l a i d o n young p l a n t t i s s u e o r d e v e l -
oping f r u i t i n g forms. The female moth i s
g e n e r a l l y e x t r e m e l y p r o l i f i c and w e l l over
1000 eggs are l a i d making p o t e n t i a l p o p u l a t i o n
i n c r e a s e c o n s i d e r a b l e . O n h a t c h i n g , t h e l a r v a
feeds f o r a s h o r t t i m e on l e a v e s , f l o w e r s or
young f r u i t i n g forms. L a t e r i t tends t o
devour seed pods. In i n s t a n c e s of e x t r e m e l y
h i g h p o p u l a t i o n d e n s i t i e s i t can a c t a s a 
general l e a f d e f o l i a t o r i n l a t e r i n s t a r s . O n
1
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t h e pigeonpea and chickpea crops t h e l a r v a
bores i n t o t h e pods c o m p l e t e l y d e v o u r i n g t h e
seed, b u t r a r e l y c o m p l e t e l y e n t e r i n g t h e pod,
t h e h i n d end o f t h e body p r o j e c t s f r om t h e
f e e d i n g s i t e . The l a r v a l stage l a s t s f o r
about 3 weeks and t h e f u l l y grown l a r v a
pupates i n t h e s o i l . The pupal stage n o r m a l l y
occupies 10-12 days, b u t p e r i o d s as l o n g as
t h r e e months have been r e c o r d e d .
There i s a n e x t r e m e l y d i v e r s e range o f
p l a n t h o s t s . They i n c l u d e opium, t o b a c c o ,
hemp, pigeonpea, c h i c k p e a , mung bean, t e p a r y
bean, soybean, g r o u n d n u t s , p e a r l m i l l e t ,
sorghum, maize, o a t s , c o t t o n , o k r a , l u c e r n e ,
i n d i g o , s u n f l o w e r , l i n s e e d , s a f f l o w e r , peas,
tomato and o t h e r Solanacea, onions and d h a t u r a
and c a s t o r . The moth i s p o s i t i v e l y a t t r a c t e d
t o f l o w e r s and is known t o be an a c t i v e f l i e r
and is suspected of b e i n g a b l e to m i g r a t e on
weather f r o n t s .
Melanagromyza Obtusa
The pod f l y , Melanagromyza o b t u s a , has
been known as a pest of pigeonpea in I n d i a
s i n c e e a r l y i n t h e c e n t u r y and has been s t u d i e d
here. I t i s w i d e l y d i s t r i b u t e d o n t h e sub-
c o n t i n e n t . The eggs a r e l a i d by t h e female
t h r o u g h t h e w a l l o f t h e pod and p r o j e c t i n t o
t h e lumen. The wound a t t h e p o i n t o f
i n s e r t i o n u s u a l l y h e a l s . Data o n number o f
eggs l a i d a r e s c a n t — b u t a p p a r e n t l y up t o 79
eggs a r e l a i d per female. I n c u b a t i o n t a k e s
2-1/2 to 3 days and a p p r o x i m a t e l y 70% of t h e
eggs hatch s u c c e s s f u l l y . I n i t i a l l y t h e l a r v a
searches f o r a s o f t seed and bores i n t o t h e
e p i d e r m i s w i t h o u t r u p t u r i n g t h e seed c o a t . I n
t h e second and t h i r d s t a g e i t bores i n t o t h e
c o t y l e d o n s and i n most i n s t a n c e s one seed i s
s u f f i c i e n t f o r t h e l a r v a t o complete i t s
development. The f i n a l i n s t a r leaves t h e
seed and p r i o r to p u p a t i o n "windows" t h e pod.
L a r v a l l i f e occupies about s i x days. J u s t
b e f o r e p u p a t i o n t h e l a r v a ceases t o f e e d and
pupates e i t h e r i n t h e pod c a v i t y o r pod w a l l
t i s s u e , t h e pupal case b e i n g formed f r o m t h e
f i n a l l a r v a l s k i n . A t t e m p e r a t u r e s o f 22°-
24°C and low RH of 20* t h e pupal p e r i o d t a k e s
u p t o 1 4 days, b u t t h i s i s g r e a t l y reduced a t
h i g h e r t e m p e r a t u r e s and h i g h e r RHs. Emergence
of t h e a d u l t u s u a l l y o c c u r s b e f o r e 10 a.m. 1n
t h e morning. Records o f a l t e r n a t e h o s t s
appear t o b e l a c k i n g i n t h e l i t e r a t u r e .
Several broods a r e p o s s i b l e in a season, b u t
t h e r e i s l i t t l e i n f o r m a t i o n o n t h e c a r r y
o v e r of t h e p e s t in t h e u n f a v o r a b l e h o t season.
Tur Plume Moths
The t h i r d major group o f pests appear
to be t h e t u r plume months. The complex
i n c l u d e s Marasmarcha l i o p h a n e s , E x e l a s t i s
atomosa, and Sphenarches sp. a l l a r e small
d e l i c a t e moths. They are w i d e l y d i s t r i b u t e d
i n I n d i a . The small round eggs a r e l a i d on
pods, leaves and f l o w e r buds of pigeonpea
and 15-56 are l a i d per female. Most o f t h e
eggs a r e l a i d per female. Most o f t h e eggs
are l a i d o n t h e d e v e l o p i n g pods, u s u a l l y o n
t h e l o w e r s u r f a c e . At a t e m p e r a t u r e of 30°C
t h e eggs take 2-4 days to h a t c h , and at 27°C
3-6 days. At temperatures around 28°C t h e
l a r v a l p e r i o d takes 9-15 days w i t h a tendency
f o r a l e n g t h e n i n g o f t h e l i f e c y c l e w i t h
i n c r e a s i n g t e m p e r a t u r e s . There i s a q u i e s c e n t
p e r i o d o f 1-2 days p r i o r t o t h e pupal p e r i o d
which l a s t s 3-5 days at 28°C. (These data
a p p l y in general to M. l i o p h a n e s and E.
atomosa).
There appears to be some c o n t r o v e r s y about
when t h e p e s t i s most p r e v a l e n t — t h i s may be
due to t h e confused taxonomic s i t u a t i o n -- b u t
t h e y a r e u s u a l l y f i r s t found a t f l o w e r i n g .
There is a l s o some debate as to whether t h e
i n s e c t c a r r i e s t h r o u g h the h o t season as an
a d u l t o r whether t h e i n s e c t pupates and remains
i n t h e s o i l t o s u r v i v e . I t i s q u i t e p o s s i b l e
t h a t t h e c o n f l i c t i n g evidence o n t h i s p o i n t i s
due t o species d i f f e r e n c e .
Storage Losses
No run down of t h e pest spectrum would be
complete w i t h o u t a mention of t h e s e r i o u s
l o s s e s o f t e n e x p e r i e n c e d when t h e s e pulses a r e
s t o r e d . Losses which occur a t t h i s stage a r e
in a sense double l o s s e s , s i n c e seed which has
been s u c c e s s f u l l y h a r v e s t e d has a l r e a d y had to
w i t h s t a n d t h e v i c i s s i t u d e s o f w e a t h e r , f i e l d
p e s t s and h a r v e s t . The main pests in s t o r a g e
a r e t h e B r u c h i d s , p a r t i c u l a r l y Callosobruchus
spp. w h i c h o f t e n appear i n t h e crop i n low
numbers j u s t p r i o r t o h a r v e s t , and reach
e x t r e m e l y h i g h numbers 1n s u c c e s s i v e genera-
t i o n s i n t h e s t o r e . B r u c h i d s cause w e i g h t
l o s s , lower g e r m i n a t i o n p o t e n t i a l and a f f e c t
q u a l i t y .
Magnitude of Loss
due to Pests
Many papers have been w r i t t e n on t h i s
s u b j e c t , b u t h a r d and f a s t assessment o f a c t u a l
l o s s e s by t h e main p e s t species a r e d i f f i c u l t
t o come by. Methods o f assessment a r e s u b j e c t
to c o n s i d e r a b l e v a r i a t i o n . The i s s u e i s
c o m p l i c a t e d by t h e f a c t t h a t many assessments
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a r e made a t h a r v e s t t i m e when it is d i f f i c u l t
t o a s c r i b e damage t o a p a r t i c u l a r p e s t .
E s t i m a t e s o f t o t a l l o s s v a r y f r o m v e r y low
ones below 5% t o as hi g h as 43% i n some v a r i -
eties,when l o s s o f p o t e n t i a l c r o p i s i n c l u d e d .
T h i s l a t t e r p o i n t i s n e g l e c t e d i n many data
p u b l i s h e d . Estimates g i v e n by B i n d r a and
Jokhmola (1967) t a k e i n t o account p o t e n t i a l
crop l o s s due t o pod f l y and t h e y note
c o n s i d e r a b l e v a r i a t i o n i n pod damage, which
t h e y s t a t e exaggerates l o s s g r e a t l y when used
as a y a r d s t i c k f o r l o s s assessment s i n c e n o t
a l l seeds in a pod are d e s t r o y e d in most
i n s t a n c e s . B y d e t a i l e d work, t h e y c a l c u l a t e
a c t u a l l o s s e s t o b e i n t h e r e g i o n o f 6.1% t o
10.3%. They note l o s s e s of 6% due to pod f l y ,
2.6% due to plume moth and j u s t under 2% due
t o o t h e r causes i n c l u d i n g H e l i o t h i s . O n t h e
b a s i s o f these and o t h e r o b s e r v a t i o n s t h e y
concluded t h a t t h e losses in Madhya Pradesh
in a normal y e a r c o u l d be as h i g h as 20%-25%.
They a l s o noted t h a t none o f t h e v a r i e t i e s
t h e y t e s t e d had n o t i c e a b l e r e s i s t a n c e t o p e s t s
i n t h e f i e l d .
I t i s f e l t b y t h e a u t h o r s t h a t t h i s
i m p o r t a n t f i e l d o f study r e q u i r e s f u r t h e r
development i n o r d e r t o e s t a b l i s h a r e l i a b l e
method o f assessing t r u e l o s s i n t h e crops
and enable breeders to work on a r a t i o n a l
b a s i s . Successful s c r e e n i n g o f v a r i e t i e s i s
dependent o n i t .
Prospects for Control
I n s p i t e o f t h e importance o f t h e s e two
crops i n t h e d i e t a r y p a t t e r n o f t h e people
and t h e i r s i g n i f i c a n c e i n t h e f a r m i n g
systems o f t h e s e m i a r i d t r o p i c s , these crops
have been n e g l e c t e d from a c o n t r o l p o i n t
o f view. This i s p a r t i a l l y due t o t h e i r
r e l a t i v e l y low monetary v a l u e , 1 t i s a l s o
due t o t h e f a c t t h a t t h e y occupy a p e c u l i a r
n i c h e i n t h e a g r i c u l t u r a l system 1 n t h a t
t h e y are t r a d i t i o n a l l y grown p r i m a r i l y a s
i n t e r c r o p . T h i s a p p l i e s p a r t i c u l a r l y t o
pigeonpea. T h e r e f o r e t h e p l a n t p o p u l a t i o n
i s o f t e n v e r y low. I n c o n s i d e r i n g p r o s p e c t s
f o r c o n t r o l , t h e r e f o r e , t h e b a s i c r e a l i t i e s
a g r o n o m i c a l l y and e c o n o m i c a l l y must be
kept t o t h e f o r e ; i f t h e y a r e n o t then much
research e f f o r t i s l i k e l y t o b e m i s d i r e c t e d .
Chemical Control
There i s , e n t o m o l o g i c a l l y s p e a k i n g , a 
c o n s i d e r a b l e d i f f e r e n c e between growing
plgeonpea o r chickpea a s s i n g l e s t a n d h i g h
p o p u l a t i o n crops and growing them i n t e r -
cropped. This is becoming v e r y obvious 1n t h e
p r e l i m i n a r y counts taken o n r e l a t i v e l y l a r g e
b l o c k s o f l a n d a t ICRISAT.
I n c o n s i d e r i n g t h e e f f e c t i v e n e s s o f
chemical c o n t r o l o f t h e t h r e e main sources o f
l o s s t h e i r b i o l o g y i s i m p o r t a n t . Most pests
l a y t h e i r eggs e x t e r n a l l y and c o n t a c t i n s e c -
t i c i d e s g i v e a good measure o f c o n t r o l s i n c e
t h e l a r v a i s exposed f o r a s h o r t e r o r l o n g e r
p e r i o d t o r e s i d u a l i n s e c t i c i d e . I n t h e
i n s t a n c e o f pod f l y however, t h e whole life 
c y c l e takes p l a c e w i t h i n the pod and f o r f u l l
e f f e c t i v e n e s s a measure of systemic e f f e c t
i s p r o b a b l y necessary.
Successful c o n t r o l of both pod b o r e r s and
plume moths has been achieved in I n d i a w i t h a 
range of i n s e c t i c i d e s i n c l u d i n g DDT, endosuifan,
e n d r i n and d i e l d r i n , w h i l e DDT and n i c o t i n e
s u l p h a t e have been suggested f o r pod f l y .
There is no doubt t h a t i n s e c t i c i d e s can
keep these crops r e l a t i v e l y pest f r e e , b u t
q u e s t i o n s must be asked about u n i v e r a l or s e t
schedule a p p l i c a t i o n o f i n s e c t i c i d e s and o n
how many sprays should be a p p l i e d . Development
of s u c c e s s f u l and economic regimes r e q u i r e s
t h a t more d e t a i l e d s t u d y b e c a r r i e d o u t o n t h e
b i o l o g y o f the pest species i n v o l v e d , p a r t i c -
u l a r l y t h e i r o v i p o s i t i o n b e h a v i o r and t i m e s
of appearance on t h e c r o p . The work must be
geared t o d e t a i l e d i n v e s t i g a t i o n o f l o s s e s due
to i n d i v i d u a l pest species and t h e complex as
a whole and to the economics of t h e d i s p o s a l
o f t h e crop.
Resistance
The work done in I n d i a on t h e b i o l o g y of
t h e main pest species on pigeonpea i n d i c a t e s
t h a t t h e r e i s c o n s i d e r a b l e hope t h a t some
r e s i s t a n c e o r t o l e r a n c e w i l l be found i n some
v a r i e t i e s o r l i n e s t o b o t h pod f l y and plume
moths. Both pests appear to p r e f e r and seek
t e n d e r pods f o r o v i p o s i t i o n , and v a r i e t i e s
w i t h r a p i d l y o r r e l a t i v e l y r a p i d l y hardening
pods or seeds would p o s s i b l y have a s t r o n g
a n t i b i o t i c e f f e c t . P o s s i b l y t e x t u r e o f pod
s u r f a c e may a l s o be i m p o r t a n t in encouraging
o v i p o s i t i o n .
I t i s d i f f i c u l t t o b e h o p e f u l t h a t r e s i s -
tance t o H e l i o t h i s w i l l be easy t o f i n d i n
view o f t h e c a t h o l i c t a s t e s o f t h e p e s t , i t s
f e c u n d i t y , and t h e e x t r e m e l y v o r a c i o u s behav-
i o r o f l a t e r i n s t a r s . There i s a s t r o n g
p o s s i b i l i t y a l s o o f being m i s l e d about appar-
e n t r e s i s t a n c e t o t h i s pest i n view o f t h e
known and marked seasonal f l u c t u a t i o n s in
numbers and t h e a t t r a c t i v e n e s s o f f l o w e r i n g t o
a d u l t moths. Sowing date and m a t u r i t y p e r i o d
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a r e l i k e l y t o have a p r o f o u n d e f f e c t o n
H e l i o t h i s a t t a c k i n t h e s e c i r c u m s t a n c e s .
I n chickpea t h e r e have been i n d i c a t i o n s
t h a t some l i n e s a r e more a t t r a c t i v e t o
H e l i o t h i s than o t h e r s . P a r a d o x i c a l l y , t h i s
g i v e s us some hope t h a t s c r e e n i n g , p o s s i b l y
under c o n d i t i o n s of h i g h b o r e r numbers, may
enable some s o r t i n g o f t h e germplasm t o be
e f f e c t e d . Use of screen house t e c h n i q u e s ,
a s c u r r e n t l y b e i n g c a r r i e d o u t a t I I T A , may
r e v e a l u s e f u l l i n e s . I t i s d i f f i c u l t a t
p r e s e n t at ICRISAT to envisage u s i n g such
methods w i t h t h e pigeonpea crop s i n c e t h e
p l a n t i s much l a r g e r and more d i f f i c u l t t o
handle and f a c i l i t i e s a r e c u r r e n t l y l i m i t e d .
W i t h t h i s c r o p t h e r e would appear t o b e
l i t t l e a l t e r n a t i v e t o p a i n s t a k i n g survey and
s c r u t i n y o f s p e c i a l l y sown germplasm b l o c k s
i n c o n d i t i o n s o f h i g h p e s t i n c i d e n c e and
o b s e r v a t i o n o f growing crops i n f a r m e r s '
f i e l d s . A t ICRISAT c o n d i t i o n s a r e t e n d i n g t o
f a v o r h i g h i n c i d e n c e of H e l i o t h i s so we may
y e t a c h i e v e some b e n e f i t f r o m t h i s n e g a t i v e
f a c t o r . Rearing and r e l e a s e o f H e l i o t h i s
moths on a f i e l d s c a l e would be r a t h e r a 
c o m p l i c a t e d and t i m e consuming business and
would p r o b a b l y n o t b e e f f e c t i v e i n any case,
f o r a v a r i e t y o f reasons.
Agronomic
There are conspicuous gaps in t h e knowl-
edge o f c a r r y over o f s e v e r a l o f t h e main
p e s t s t h r o u g h t h e d r y season i n I n d i a . T h i s
a p p l i e s p a r t i c u l a r l y i n t h e case o f H . anrrigera,
Melanagromyza obtusa and E x e l a s t i s atmosa and
Marasmarcha l i o p h a n e s . There i s a l s o v e r y
l i t t l e i n f o r m a t i o n i n t h e case o f t h e t h r e e
l a s t named on a l t e r n a t i v e h o s t s . Such
i n f o r m a t i o n would be v a l u a b l e s i n c e t h e
p o s s i b i l i t y o f r e d u c i n g t o v e r y low l e v e l s t h e
o u t o f season, or r e s t i n g p o p u l a t i o n s by
such methods as deep p l o u g h i n g , r e s i d u e destruc-
t i o n e t c . , i s a v e r y r e a l i n t h e c o n t e x t o f
peasant farmer a g r i c u l t u r e .
P r e l i m i n a r y s t u d i e s o n the i n f l u e n c e o f
i n t e r c r o p p i n g o f pigeonpeas w i t h c e r e a l s and
w i t h o t h e r legumes have been i n t e r e s t i n g , i f
n o t i l l u m i n a t i n g . C a r e f u l s e l e c t i o n o f
v a r i e t i e s c o m p a t i b l e w i t h p e s t f l u c t u a t i o n s
may be v a l i d in t h e c o n t e x t o f pe s t management
i f n o t c o n t r o l . I t i s q u i t e c o n c e i v a b l e t h a t
b u i l d u p o f l a r g e p o p u l a t i o n s o f H e l i o t h i s
a v a i l a b l e f o r a t t a c k i n g t h e pod s t a g e o f
pigeonpea can be a v o i d e d by t i m i n g . S i m i l a r l y ,
i n t e r c r o p p i n g may have p r o f o u n d i n f l u e n c e on
p a r a s i t e b u i l d up on b o t h legume crops and
j u d i c i o u s management of i n t e r c r o p s may have a 
p r o f o u n d e f f e c t o n p e s t s t a t u s and p a r a s i t e
t r a n s f e r .
I n t h e agronomic sense t h e s t u d i e s m i g h t
b e s t r e t c h e d t o i n c l u d e t h e p o s s i b i l i t y o f
u t i l i z a t i o n o f t r a p crops -- b u t f a r more
needs to be known about t h e b i o l o g y of t h e
p e s t s , and t h e i n s t a n c e o f s e v e r a l o f t h e i r
host crop range.
Biological
There i s ample evidence t h a t a t l e a s t two
of t h e main pest s p e c i e s , M. obtusa and H.
armigera s u f f e r from a h i g h l e v e l o f par-
a s i t i s m on occasions e.g., Ahmad (1938) i n d i -
c a t e d t h a t p a r a s i t i s m i s low i n March o n pod
f l y (5%) b u t r i s e s r a p i d l y t o over 50% b y
A p r i l -- t h e p a r a s i t e having an e x t r e m e l y
s h o r t l i f e c y c l e o f 10-12 days. Ipe (1974)
quotes a 20% maximum in February. Counts at
ICRISAT t e n d t o s u p p o r t t h e s e f i g u r e s f o r t h i s
p e s t . J u d i c i o u s use o f i n s e c t i c i d e s i n p e s t
management regimes i n i n t e r c r o p s might boost
these f i g u r e s s t i l l f u r t h e r .
Rao (1968) has surveyed t h e p a r a s i t e s of
H. armigera in I n d i a . Comparison of t h e s e
data w i t h data f r o m o t h e r areas o f t h e v a s t
g e o g r a p h i c a l range covered by H. armigera
m i g h t r e v e a l conspicuous absentees i n t h e
s u b c o n t i n e n t , which c o u l d be i m p o r t e d and
r e a r e d f o r r e l e a s e .
A v e r y p r o m i s i n g f i e l d i n t h e b i o l o g i c a l
sense, i s t h e use o f v i r u s e s , s e v e r a l o f which
have a l r e a d y been t y p e d , f o r H e l i o t h i s sp.
c o n t r o l . The i n t r o d u c t i o n o f such v i r u s e s
p a r t i c u a l r l y i n t h e m u l t i p l e c r o p p i n g and
i n t e r c r o p p i n g regimes p r a c t i c e d i n t h e s e m i a r i d
t r o p i c s has a very r e a l chance o f success. An
a d d i t i o n a l a t t r a c t i o n o f v i r u s i s t h a t produc-
t i o n i s a l a b o r i n t e n s i v e process and c a l l s
f o r l i t t l e by way o f raw m a t e r i a l compared t o
p e s t i c i d e s .
Other p o s s i b l y more academic and extreme
p o s s i b i l i t i e s a t t h e moment a r e use o f
pheremones, which t o t h e b e s t o f our knowledge
have n o t been i s o l a t e d f r o m H. a r m i g e r a
( a l t h o u g h t h e y have f r o m t h e c l o s e l y r e l a t e d
s p e c i e s H. 7ea) or t h e plume moths. It has
a l s o been suggested t h a t t h e male s t e r i l i t y
t e c h n i q u e m i g h t b e a p p l i c a b l e i n I n d i a i n t h e
i n s t a n c e o f B r u c h i d p e s t s .
FUTURE STRATEGY
FOR CONTROL
The f o r e g o i n g n o t e i s w r i t t e n i n p a r t
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f r om a genu ine n a i v e t y o f t h e t o t a l s i t u a t i o n
w i t h r e g a r d t o p e s t s o f t h e s e two c rops i n
I n d i a . The b r i e f l i t e r a t u r e s u r v e y p o s s i b l e
i n t h e t i m e a v a i l a b l e i n d i c a t e s s i g n i f i c a n t
gaps i n ou r knowledge o f t h e p e s t spec ies
t h e m s e l v e s , t h e e x t e n t o f t h e damage t h e y do
and t h e i r i n t e r r e l a t i o n s h i p s w i t h each o t h e r
and t h e commonly grown v a r i e t i e s o f c r o p ,
p a r t i c u l a r l y i n m ixed c r o p p i n g s i t u a t i o n s . I t
i s to be hoped t h a t i n t h e n e x t few y e a r s we
w i l l be a b l e t o add t o knowledge o f t h e main
spec ies w h i l e a t t h e same t i m e e n s u r i n g t h a t
t h e p l a n t b reede rs r e t a i n u s e f u l germplasm i n
p e s t free c o n d i t i o n s w h i l e e n s u r i n g t h a t t hey
sc reen f o r h i g h y i e l d i n g and good q u a l i t y
l i n e s i n t h e p resence o f h i g h i n s e c t p o p u l a -
t i o n s . I t i s i m p o r t a n t t o c o n t i n u e t o
emphasize t h e impo r tance o f r e t a i n i n g a r e a -
sonab le measure o f pes t r e s i s t a n c e in any new
l i n e s r e l e a s e d and t h e dangers i n h e r e n t i n
n o t t e s t i n g p r o s p e c t i v e l i n e s f a i r l y e a r l y
o n i n t h e programs f o r p e s t s u s c e p t i b i l i t y
ove r a range of c o n d i t i o n s and a number of
s i t e s t h r o u g h o u t t h e s e m i a r i d t r o p i c s . C o n t r o l -
l i n g p e s t s i s one t h i n g i n s i t u a t i o n s o f
' h i g h f a r m i n g ' , e i t h e r e c o n o m i c a l l y o r
u n e c o n o m i c a l l y — c o n t r o l l i n g them in t h e
peasant f a rmer i n t e r c r o p p i n g systems i s
a n o t h e r . The number of sprays wh i ch can be
a p p l i e d t o t hese c rops p a r t i c u l a r l y i n s i t u a -
t i o n s o f low p l a n t d e n s i t y i s s t r i c t l y l i m i t e d
b y economics . I t i s most l i k e l y t h a t success -
f u l c o n t r o l o f p e s t s w i l l depend o n c l o s e
c o o p e r a t i o n between p l a n t b r e e d e r s , a g r o n -
o m i s t s and e n t o m o l o g i s t s , and w i l l be based
o n min ima l p e s t i c i d e i n p u t combined w i t h t h e
use o f p e s t management and r o t a t i o n a l
p r a c t i c e s i n v iew o f t h e low i n p u t s p o s s i b l e
on t hese c r o p s . I t 1s a goal w o r t h s t r i v i n g
f o r , g i v e n t h e g r e a t impo r tance o f t h e s e two
crops n u t r i t i o n a l l y , s o c i a l l y and e c o n o m i c a l l y
t o t h e peop le o f t h e s e m i a r i d t r o p i c s .
J . C . D a v i e s :
K.O. R a c h i e :
DISCUSSION
There i s a g r e a t p o s s i b i l i t y o f t h e use o f v i r u s e s f o r b i o l o g i c a l
c o n t r o l o f i n s e c t s l i k e H e l l o t h i s and ICRISAT i s seek i ng a s s i s t a n c e
i n t h i s work f r o m Boyce Thompson I n s t i t u t e i n t h e U.S.A.
In my e x p e r i e n c e in N i g e r i a , a few w e l l t i m e d sprays may be a b l e to
s o l v e t h e p rob lem o f b o r e r s i n p igeonpea .
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SUGGESTED READING ON PESTS
OF PIGEONPEA AND CHICKPEA
I t was d i f f i c u l t t o o b t a i n a l l t h e r e f e r e n c e s on t h e work p u b l i s h e d w i t h i n I n d i a
on t h e pests of t h e two crops in t h e t i m e a v a i l a b l e -- though most of them were
checked -- a suggested l i s t o f r e a d i n g i s t h e r e f o r e g i v e n r a t h e r t h a n a r e f e r e n c e
l i s t .
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Appendix I. Pests of Pigeonpea
(Cajanus cajan Milsp) recorded in India
GROWING CROP
LEPIDOPTERA
Pod Borers A d i s u r a a t k i n s o n i Moore
*A__ m a r g i n a l is Walk
E t i e l l a z i n c k e n e l l a ( T r . )
*Euchrysops (Catachrysops) Cnejus F.
*Eucosma c r i t i c a M 
* E x e l a s t i s atomosa W.
* H e H o t h i s armigera Hub.
*Lampides (Cosmo!yce) b o e t i c u s
Marasmarcha l i o p h a n e s ( M e y r i c k )
*Marica t e s t u l a l i s Geyr
*Sphenarches a n i s o d a c t y l u s W 
S. c a f f e r Z e l l
L e a f - E a t i n g
C a t e r p i l l a r s
* A c h e r t o n i a s t y r W 
*Amsacta a l b i s t r i g a W 
A. moorei B 
*Azazia t u b r i c a n s B 
Cyphosticha c o e r u l e a Meyr.
Estigmene l a c t i n e a C 
* E u p r o c t i s f r a t e r n a M 
*E. l u n a t a (Wlk)
E. S c i n t i l l a n s W 
* G r a c i l l a r i a s o y e l l a D 
*Herse c o n v o l v u l i L 
Olene mendosa Hub.
Pingasa r u g i n a r i a C 
P l u s i a c h a l y t e s F 
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L e a f - E a t i n g
C a t e r p i l l a r s





L e a f - E a t i n g
B e e t l e s
* P . o r i c h a l c i a F 
* P . s i g n a t a F 
P roden ia sp
* P s a l i s s e c u r i s Hub.
S tauropus a l t e r n a t u s Wlk .
* S t o r n o p t e o y s n e r t e r i a M .
*Melanagromyza ob tusa ( M a l l . )
A d o r e t u s c a l i q i n o s u s b i c o l o r B 
* A l c i d e s c o l l a r i s P 
* A p i o n s p .
As tyeus l a t e r a l i s
C a n t h a r i s se tacea
* C e n t h o r r h y n c h u s a s p e r u l u s F.
Demarchus p u b i p e n n i s Jacoby
Episomus l a c e r t a F .
*Gonocephalum depressum F.
* G . e longa tum
Mono lep ta s i g n a t a 0 1 .
* M y l a b r i s p u s t u l a t a T h .
* M y l l o c e r u s s p p .
Sphenoptera p e r o t e t t i G l .
H E M I P T E R A 
P l a n t - S u c k i n g
Bugs
A g o n o s c e l i s n u b i l a Fb.
*Anop locnemis phas iana Fb.
Ambrasca b a r i o t a t a
*A. fabae
Aph is c a r d u i
* A p h i s c r a c c i v o r a Koch
* C a l o c o r i s a n g u s t a t u s L e t h
C e r o p l a s t o d e s c a j a n i Mas
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P l a n t - S u c k i n g
Bugs
(Co n t i n u e d )
* C l d v i g r e l l a h o r r e n s Don
* C l a v i g r e l l a gibbosa Spin
*Coptosoma c r i b r a r i a Fb.
C. n a z i r a e
C r e o n t i a d e s p a l i d i f e r W 
C y c l o p e l t a s i c c i f o l i a W 
* D o l i c o r i s i n d i c u s S 
Drosicha s t e b b i n g i G 
G r a p t o s t e t h u s servus Fb.
Lecanium longum D 
Lygaeus pandurus Scop.
Margarodes n i g e r G 
Menida h i s t r i o Fb.
*Nezara v i r i d u l a L 
O t i n o t u s o n e r a t u s W 
*Oscycarenus l a e t u s K 
*Oscyrhachis tarandus F 
R i p t o r t u s fuscus F 
*R. p e d e s t r i s Fb.
R. l i n e a r i s F 
T achardia l a c c a K 
THYSANOPTERA




Termi t e s
D o l i c h o t h r i p s v a r i p e s Bagn
F r a n k l i n i e l l a sulphurea (Schm)
* T a e n i o t h r i p s n i g r i c o r n i s Schm
*Megachile a n t h r a c i n a S 
M. d i s j u n c t a F 
S olenopsis germinata Fb






B r u c h i d Seed





* C y r t a c a n t h a c i r s t a t a r i c a ( L )
*Eyprepocnemis a l a c r i s a l a c r i s S 
*Patanga s u c c i n c t a L 
*Pyrgomorpha n. sp.
Bruchus theobromae L 
Callosobvuchus c h i n e n s i s ( L )
C. maculatus F 
* M i t e s - A c e r i a c a j a n i
* M i l l i p e d e s
*Rodents
Appendix I I . Pests ot Chickpea
( C i c e r a r i e t i n u m L ) r e c o r d e d i n I n d i a
LEPIDOPTERA
Pod Borers E t i e l l a Z i n c k e n e l l a (TR)
* H e l i o t h i s a r m i g e r a Hub
Lampides (Cosmolyce) b o e t i c u s L 
Maruca t e s t u l a l i s B 
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L e a f - E a t i n g









A g r o t i s f lamroat ra S 
A. segetum S 
A. s p i n i f e r a H 
A. y p s i l o n R 
* A g r o t i s sp
*Azazia r u b r i c a n s B 
* P l u s i a o r i c h a l c i a F 
*P. s i g n a t a F 
Spodoptera (Laphygma) exigua H 
*Melanagromyza obtusa Mall
*Aphis c r a c c i v o r a Koch
Tanymecus i n d i c u s F 
* A c r o t y l u s humbertiames S 
* A i o l o p u s s i m u l a t r i x s i m u l a t r i x Wlk
*Atractamorpha c r e n u l a t a F 
*Catantops erubescens Wlk
*Chrotogonus t r a c h y p t e r u s K 
*Chrotogonus sp.
*C.yrtacanthacris t a t a r i c a L 




Br u c h i d Seed
Bee t l e s
*Callosobruchus c h i n e n s i s L 








D. W. Thorne - Convener
L.J.G. van der Maesen - Rapporteur
Collection Criteria
Rather t han i n d i s c r i m i n a t e c o l l e c t i o n ,
t h e f i r s t a im s h o u l d b e t h e a reas w h i c h have
been l e a s t e x p l o r e d . A l s o u n t h o u g h t - o f a reas
( C h i n a , P h i l i p p i n e s , Java f o r p igeonpea ) have
t o b e l o o k e d i n t o f o r sma l l p o c k e t s o f u s e f u l
m a t e r i a l . C o l l e c t i o n f o r p a r t i c u l a r c h a r a c -
t e r i s t i c s i s d i f f i c u l t , s i n c e s c r e e n i n g can
o n l y b e done i n a reas o f u s e .
Handling of Germplasm
( 1 ) D i f f e r e n t c a t e g o r i e s o f germplasm
m a t e r i a l c o u l d b e grouped t o g e t h e r f o r easy
r e f e r e n c e : e s t a b l i s h e d c u l t i v a r s , b r e e d i n g
s t o c k s w i t h p a r t i c u l a r s i n g l e g e n e r e s i s t a n c e
e t c . , p r o m i s i n g l i n e s , l a n d r a c e s . Consecutive
c h r o n o l o g i c a l o r d e r i n g has t a k e n p l a c e , so a 
code added to t h e ICRISAT numbers m i g h t be t h e
proper s o l u t i o n .
(2) To a v o i d c a l a m i t i e s , a second c o l l e c t i o n
should b e m a i n t a i n e d elsewhere ( F o r t C o l l i n s ,
Lebanon, E t h i o p i a o r Turkey) i n c o l d s t o r e .
To a v o i d gene d r i f t , m u l t i p l i c a t i o n s h o u l d
t a k e p l a c e i n p l a c e o f o r i g i n o r under s i m i l a r
environments.
( 3 ) The idea of having a w o r k i n g c o l l e c t i o n
o f +1000 l i n e s 1 n o t h e r r e g i o n s ( e . g . t h e
Americas) c o u l d be c o n s i d e r e d to overcome t h e
w o r s t q u a r a n t i n e b a r r i e r s . Movement would be
e a s i e r and cheaper w i t h i n t h e s e r e g i o n s .
( 4 ) C o l l e c t i o n s growing elsewhere c o u l d b e
i n s p e c t e d b y ( e . g . I n d i a n ) q u a r a n t i n e o f f i c e r s
t o a v o i d d e l a y s because o f i n s p e c t i o n a f t e r
despatch to ICRISAT.
( 5 ) Gene p o o l s s h o u l d o n l y be made in
a d d i t i o n t o normal s e p a r a t e a c c e s s i o n s . Both
u n s e l e c t e d p o p u l a t i o n s and those under low
s e l e c t i o n p r e s s u r e ( g e n e t i c park concept)
c o u l d b e p r a c t i c e d . P a r t i c u l a r c h a r a c t e r i s -
t i c s cannot b e e a s i l y found back i n a b u l k e d
gene p o o l .
( 6 ) Accessions o f t h e same o r i g i n t h r o u g h
d i f f e r e n t sources can be b u l k e d , p r o v i d e d no
m i x t u r e s e x i s t .
( 7 ) The h a n d l i n g o f plgeonpea germplasm i s
c o n t r o v e r s i a l . Mixed accessions s h o u l d be
kept mixed (House) b u t o u t c r o s s i n g l e f t t h e
m a t e r i a l v e r y heterogenous, so gene f r e q u e n c y
i s a l r e a d y changed. I t i s e a s i e r t o p r o c u r e
one kg f r o m t h e farmer and to s t o r e t h e seeds,
r a t h e r than to i n c r e a s e a s m a l l sample.
P r e s e n t l y the c h a r a c t e r i s t i c s o f t h e m a j o r i t y
o f t h e p l a n t s i s c o n s i d e r e d a s t h e o r i g i n a l
m a t e r i a l . S e l f i n g o f each l i n e y i e l d s about 5 
pods per l i n e and serves as a r e f e r e n c e .
Collection Practice
( 1 ) I t i s troublesome t o c o l l e c t a t t h e r i g h t
t i m e a t the r i g h t p l a c e . For t h i s purpose
c o o p e r a t i o n o f t h e l o c a l b r e e d e r s , agronomists
and t h e i r s t a f f s h o u l d b e sought. Monthly
t r a i n i n g c o u l d b e o r g a n i z e d , and t h e people
c o u l d c o l l e c t i n t h e i r areas f o r f i v e consec-
u t i v e years t o cover area and t i m e w e l l
enough.
(2 ) H a r l a n and de Wet's mimeographed t r a v e l
d i a r i e s s h o u l d b e o b t a i n e d f o r p r a c t i c a l
i n f o r m a t i o n and H a r l a n c o u l d be i n v i t e d as a 
c o n s u l t a n t .
( 3 ) Nodules should be c o l l e c t e d s i m u l t a n e o u s -
l y , t h e m a t e r i a l handed over t o t h e m i c r o -
b i o l o g i s t .
( 4 ) Regional c e n t e r s and a u t h o r i t i e s have t o
b e v i s i t e d f i r s t f o r guidance and i n f o r m a t i o n .
Documentation
( 1 ) Computer t e c h n i q u e s f o r s t o r a g e and
r e t r i e v a l o f d a t a o n germplasm a r e
a n t i c i p a t e d .
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( 2 ) The v i g n a c a t a l o g ( I I T A ) by Dr. Rachie
w i l l b e i s s u e d s h o r t l y and i s u s e f u l a s a n
example.
( 3 ) S t r e s s e d i s t h e need f o r u n i v e r s a l code/
accession numbering. C o o p e r a t i o n w i t h
Dr. House may be u s e f u l .
Immediate Program
Harvests and s t o r a g e of pigeonpea
(December-March) and c h i c k p e a ( M a r c h ) , c o l l e c -
t i o n o f pigeonpea 1n Madhya Pradesh ( F e b r u a r y ,
A p r i l ) i n c o l l a b o r a t i o n w i t h J.N.K.V.V. " 
Ja b a l p u r and p r e p a r a t i o n o f s t a t e m e n t o f




H. Doggett - Convener
A. K. Auckland - Rapporteur
Breeding Objectives
High y i e l d o f p r o t e i n per u n i t area per
u n i t o f t i m e and t h e r e t e n t i o n o f good amino
a c i d p r o f i l e s s h o u l d b e one o f t h e most impor-
t a n t o b j e c t i v e s i n chickpea b r e e d i n g .
Dr. Bythe's p a t t e r n a n a l y s i s method as a 
p o s s i b l e measure o f s t a b i l i t y needs t o be
conside r e d s e r i o u s l y .
Breeding Methodology
Need f o r an immediate s h o r t term as w e l l
as a l o n g t e r m approach f o r b r e e d i n g methodo-
l o g y was s t r e s s e d . In t h e immediate s h o r t
t e r m approach, p e d i g r e e b r e e d i n g and t h e F2
m o d i f i e d progeny method was recommended.
, For t h e l o n g term approach, t h e v a l u e of
d e v e l o p i n g p o p u l a t i o n s was emphasized and use
of Jensen's method was recommended.
Cooperative International
Breeding
( 1 ) I t was f e l t t h a t t h e ICRISAT C o o p e r a t i v e
Program s h o u l d be c a r e f u l to o p e r a t e in a 
manner which s t r e n g t h e n e d r a t h e r than competed
w i t h t h e I n d i a n n a t i o n a l program. The f i r s t
t h r e e o b j e c t i v e s mentioned i n t h e paper b y
A.K. Auckland and K.B. Singh were accepted.
( 2 ) The d i s t r i b u t i o n o f chickpea v a r i e t i e s
possessing s p e c i f i c c h a r a c t e r s o f v a l u e such
as r e s i s t a n c e to pests and diseases was
suggested a s one o f t h e r e s p o n s i b i l i t i e s o f
ICRISAT.
I t was s t r e s s e d t h a t m a t e r i a l f r o m t h e
chickpea breeders a l l over t h e w o r l d s h o u l d b e
i n c l u d e d i n t h e n u r s e r i e s , t r i a l s and
s e g r e g a t i n g p o p u l a t i o n s d i s t r i b u t e d b y ICRISAT.
( 3 ) C e r t a i n b a s i c s t u d i e s such as improved
p l o t techniques and t h e I d e n t i f i c a t i o n o f t h e
p r i m a r y gene pools c o u l d b e i n c l u d e d i n t h e
program a t ICRISAT. P o t e n t i a l v a l u e c f h a v i n g
p o s t g r a d u a t e s t u d e n t s w o r k i n g on problems of
t h i s k i n d i n a c o o p e r a t i v e program w i t h
u n i v e r s i t i e s i n v a r i o u s c o u n t r i e s and a t
ICRISAT needs to be examined.
(4) A chickpea n e w s l e t t e r c o n t a i n i n g items o f
r e s e a r c h news and a correspondence column,
would b e o f g r e a t v a l u e t o a l l c h i c k p e a
workers and s h o u l d be o r g a n i z e d by ICRISAT.
( 5 ) The p o t e n t i a l v a l u e o f non-nodulat1ng
l i n e s was emphasized.
( 6 ) The p o t e n t i a l v a l u e of m y c o r r h i z a in t h e
e x t r a c t i o n o f u n a v a i l a b l e phosphate f r o m t h e
s o i l needs t o be s t u d i e d f o r t h i s purpose.
Chickpeas f e r t i l i z e d w i t h r o c k phosphate
s h o u l d b e grown i n t h e greenhouse t o I d e n t i f y




E. Aberg - Convener
J. M. Green - Rapporteur
Breeding Procedures
( 1 ) Breeding l i n e s s h o u l d be t e s t e d b o t h in a 
pure stand and w i t h an a p p r o p r i a t e compa-
n i o n crop.
(2) P a t h o l o g i s t s and breeders should work
t o g e t h e r f o r maximum e f f i c i e n c y and pro-
gress 1n disease s c r e e n i n g .
(3) P r a c t i c a l u n i f o r m i t y , n o t n e c e s s a r i l y a 
pure l i n e , should b e t h e o b j e c t i v e i n
v a r i e t y development.
(4) S e l e c t i o n f o r s e e d l i n g v i g o r s h o u l d b e f o r
r a p i d l y growing t y p e s f o r pure c u l t u r e s
and s l o w l y growing types f o r mixed c r o p -
p i n g .
( 5 ) Breeders should be aware of h o s t - c u l t i v a r -
Rhizobium s t r a i n i n n o d u l a t i o n and N 
f i x a t i o n .
(6) I s o l i n e s a r e v a l u a b l e f o r measurement o f N 
f i x a t i o n i n t h e f i e l d and should b e sought.
( 7 ) Pigeonpea l i n e s should be screened under
low f e r t i l i t y c o n d i t i o n s and f o r a b i l i t y
t o u t i l i z e r o c k phosphate. N i t r o g e n f e r -
t i l i z e r should n ot be added t o p l a n t s used
f o r b r e e d i n g .
Quality Determinations
( 1 ) P r o t e i n f r a c t i o n s should b e s t u d i e d and
b e t t e r n u t r i t i o n a l f r a c t i o n s i d e n t i f i e d .
(2) D i g e s t i b i l i t y d e t e r m i n a t i o n s need t o b e
made, as w e l l as o t h e r b i o l o g i c a l e v a l u a -
t i o n s .
(3) E f f e c t o f s t o r a g e o n q u a l i t y should b e
i n v e s t i g a t e d .
( 4 ) G u i d e l i n e s s h o u l d b e developed f o r d e t e r -
m i n i n g p r o t e i n i n p u l s e s .
( 5 ) A l l f a c t o r s o f consumer p r e f e r e n c e s h o u l d
b e i n c l u d e d i n q u a l i t y d e t e r m i n a t i o n s :
seed c o l o r , s i z e , c o o k i n g t i m e and volume.
Physiology
(1) P h o t o s y n t h e t i c e f f i c i e n c y o f leaves a t
v a r i o u s stages and of t h e pods s h o u l d be
determined.
(2) I n v e s t i g a t i o n o f d i f f e r e n t n i g h t tempera-
t u r e s o n f l o w e r i n g should b e arranged a t
a n a p p r o p r i a t e f a c i l i t y o n a c o n t r a c t b a s i s .
(3) Rhizobia
(a) C o l l e c t i o n s of Rhizobium should be
made from v a r i o u s l o c a t i o n s .
( b ) E f f e c t o f o r g a n i c m a t t e r o n n i t r o g e n
f i x a t i o n should b e s t u d i e d .
( c ) Movement of c a r b o h y d r a t e s and N w i t h -
i n t h e p l a n t in r e l a t i o n t o pod f i l l
s h o u l d be s t u d i e d .
(d) Search f o r a s s o c i a t i o n s w i t h a l o n g e r




( 1 ) A c a t a l o g of t h e germplasm should be
made a v a i l a b l e as soon as p o s s i b l e .
( 2 ) Breeding l i n e s w i t h s p e c i a l c h a r a c t e r s
should be developed as g e n e t i c a l l y s t a b l e
l i n e s and made a v a i l a b l e .
(3 ) A n i n t e r n a t i o n a l v a r i e t y t e s t which w i l l
i n c l u d e l i n e s f r o m n a t i o n a l programs
should be developed.
( 4 ) H y b r i d p o p u l a t i o n s and b r e e d i n g l i n e s f o r
c o o p e r a t i v e t e s t i n g and u t i l i z a t i o n s h o u l d
be p r o v i d e d .
( 5 ) Contacts should be made by ICRISAT per-
sonnel v i s i t i n g n a t i o n a l programs.
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There is an urgent need to g i v e t o p
p r i o r i t y t o i n v e s t i g a t i o n s o n Chickpea
w i l t t o determine t h e cause o r causes
r e s p o n s i b l e f o r t h e d i s e a s e . I f more
t h a n one pathogen is i n v o l v e d , it would
b e necessary t o develop t e c h n i q u e s f o r
s c r e e n i n g a g a i n s t each pathogen. 9.
I t would b e necessary t o c a r r y o u t
r o u t i n e seed m i c r o f l o r a s t u d i e s and
prepare l i s t s o f a l l m i c r o o r g a n i s m s ,
pathogens, p o t e n t i a l pathogens as w e l l as
nonpathogens a s s o c i a t e d w i t h seed r a i s e d 10.
at ICRISAT in Hyderabad. This I n f o r m a -
t i o n might a s s i s t s c i e n t i s t s i n coopera-
t i n g c o u n t r i e s t o g e t t h e seed t h r o u g h
t h e i r r e s p e c t i v e p l a n t q u a r a n t i n e s more
e a s i l y . I t would b e d e s i r a b l e t o r e q u e s t
t h e Danish I n s t i t u t e o f Seed P a t h o l o g y ,
Copenhagen, t o run p a r a l l e l seed pathology
s t u d i e s on t h e same seed l o t s .
I n v e s t i g a t i o n s o n pigeonpea w i l t s h o u l d 11.
b e i n t e n s i f i e d . A w i l t s i c k p l o t s h o u l d
b e developed a t t h e ICRISAT c e n t e r f o r
s c r e e n i n g germplasm and b r e e d i n g m a t e r i a l .
S c r e e n i n g f o r r e s i s t a n c e a g a i n s t p i g e o n -
pea s t e r i l i t y mosaic v i r u s s h o u l d be
i n i t i a t e d i m m e d i a t e l y u s i n g known
t e c h n i q u e s .
Work on t h e b i o e c o l o g y of t h e e r i o p h y i d 12.
m i t e v e c t o r o f pigeonpea s t e r i l i t y mosaic
v i r u s s h o u l d b e c a r r i e d o u t j o i n t l y b y t h e
p a t h o l o g i s t and e n t o m o l o g i s t .
F a c i l i t i e s f o r s c r e e n i n g f o r r e s i s t a n c e
t o chickpea Ascochyta b l i g h t and B o t r y t i s
g r e y mold s h o u l d b e developed a t s u i t a b l e
l o c a t i o n s 1 n N o r t h I n d i a i n c o o p e r a t i o n 13.
w i t h o t h e r i n s t i t u t i o n s .
Research on d e v e l o p i n g more e f f i c i e n t
s c r e e n i n g t e c h n i q u e s f o r r e s i s t a n c e t o
v a r i o u s diseases s h o u l d b e i n t e n s i f i e d .
I n t h e n o t t o o d i s t a n t f u t u r e , i n t e r n a -
t i o n a l disease n u r s e r i e s s h o u l d b e
o p e r a t e d from ICRISAT. A l s o , e s t i m a t i o n
o f l o s s e s due t o c h i c k p e a r u s t s h o u l d b e
made f o r d e t e r m i n i n g t h e p r i o r i t y in t h e
b r e e d i n g program.
There is a need to t r a i n young s c i e n t i s t s
i n t h e I d e n t i f i c a t i o n o f diseases and
pests and t o a c q u a i n t them w i t h r e s e a r c h
methodology. ICRISAT s h o u l d arrange f o r
t r a i n i n g programs 1n t h e s e a r e a s .
There 1s a need to c o l l e c t d e t a i l e d
I n f o r m a t i o n on t h e disease and p e s t
i n c i d e n c e i n t h e c o u n t r i e s o f t h e semi-
a r i d t r o p i c s . ICRISAT s h o u l d arrange t o
c o l l e c t t h i s I n f o r m a t i o n t h r o u g h t h e
p a r t i c i p a n t s o f t h i s workshop. A l s o ,
ICRISAT s c i e n t i s t s s h o u l d i n i t i a t e
c hickpea and pigeonpea d i s e a s e and p e s t
s u r v e y s .
The committee f e l t t h a t i t was o f g r e a t
i m p o r t a n c e f o r ICRISAT t o d e t e r m i n e
c l e a r l y t h e taxonomic s t a t u s o f t h e main
p e s t species as soon as p r a c t i c a b l e — i t
was p a r t i c u l a r l y i m p o r t a n t t o t h e
s i t u a t i o n w i t h r e g a r d t o H e l i o t h i s a r m i g e r a
and Marasmarcha l i o p h a n e s ( E x e l a s t i s
atomosa) p a r t i c u l a r l y a s i t appeared t h a t
two species of Marasmarcha were p r e s e n t .
D e t a i l e d work o n t h e b i o l o g y o f t h e p e s t
species o f economic i m p o r t a n c e and d e t e r -
m i n a t i o n o f s p e c i f i c areas where e f f o r t
s h o u l d be focused was necessary. Sug-
gested areas were o v i p o s i t i o n p r e f e r e n c e ,
a n t i b i o s i s e f f e c t s , seasonal i n c i d e n c e
and c a r r y over between seasons.
I t i s v i t a l t h a t f u r t h e r work o n c r o p
l o s s in t h e two legumes is done. The
r e l a t i v e i m p o r t a n c e o f t h e pests l o c a l l y ,
n a t i o n a l l y and I n t e r n a t i o n a l l y must b e
c l a r i f i e d a s q u i c k l y a s p o s s i b l e i n o r d e r
t o a s s i s t t h e p l a n t b r e e d e r s . Crop l o s s
s h o u l d be determined o v e r t h e whole c y c l e ,










l i f e , n o t j u s t t h e podding phase. d e t e r m i n a t e pigeonpea i n p a r t i c u l a r .
14. I t i s hoped t h a t a d v i c e o n t h e range o f
t y p e s o r c l a s s e s o f p l a n t s t o b e t e s t e d
under p e s t i f e r o u s c o n d i t i o n s can be
d e t e r m i n e d i n c o l l a b o r a t i o n w i t h t h e
breeders s o t h a t p r e l i m i n a r y g u i d e l i n e s
can be o b t a i n e d on pest p r e f e r e n c e as
soon a s p o s s i b l e . This t o p i c i n v o l v e s
development o f s u i t a b l e s c r e e n i n g
t e c h n i q u e s f o r legume s p e c i e s .
15. B u i l d i n g o n t h e b i o l o g i c a l I n f o r m a t i o n
and seasonal i n c i d e n c e d a t a , t e c h n i q u e s
o f minimal spray a p p l i c a t i o n s h o u l d b e
worked o u t f o r c o n t r o l o f pod b o r e r s .
P e s t i c i d e s i n p u t s a r e l i k e l y t o b e o f
r e l e v a n c e i n t h e i n s t a n c e o f s h o r t t e rm
16. A s t u d y o f t h e use o f v i r u s f o r c o n t r o l
o f H e l i o t h i s s h o u l d b e pursued w i t h
v i g o r i n c o l l a b o r a t i o n w i t h o u t s i d e ,
a g e n c i e s .
17. I t i s i m p o r t a n t n o t t o l o s e s i g h t o f t h e
f a c t t h a t t h e two crops are grown i n
peasant farmer c o n d i t i o n s i n i n t e r c r o p
s i t u a t i o n s and q u i t e o f t e n a t low p l a n t
p o p u l a t i o n s . I n t h e s e s i t u a t i o n s p e s t
a t t a c k and damage can be v e r y d i f f e r e n t
f r o m t h a t which e x i s t s 1 n s i n g l e s t a n d
c r o p . I t i s i m p o r t a n t t o survey t h e
s i t u a t i o n o n farms w i t h i n I n d i a and b y
c o o p e r a t i v e e f f o r t i n o t h e r areas o f t h e
s e m i a r i d t r o p i c s .
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Yield
The group supported t h e recommendation
t h a t y i e l d b e expressed i n terms o f p r o t e i n
per u n i t area o f l a n d per u n i t o f t i m e .
I t i s r e c o g n i z e d t h a t t h i s may b e
achieved e i t h e r b y i n c r e a s i n g t h e t o t a l y i e l d
at c o n s t a n t protein c o n t e n t o r by t h e s e l e c -
t i o n o f genotypes o f s u p e r i o r p r o t e i n c o n t e n t
w i t h average y i e l d c a p a b i l i t y .
Amino Acid Composition
The group agreed t h a t b r e e d i n g f o r
m o d i f i e d amino acid c o m p o s i t i o n s h o u l d n o t be
g r a n t e d t h e h i g h e s t p r i o r i t y r a t i n g . Never-
t h e l e s s , t h e group c o n s i d e r s t h a t I n f o r m a t i o n
s h o u l d b e o b t a i n e d o n whatever v a r i a b i l i t y
e x i s t s among t h e chickpea and pigeonpea germ-
plasm c o l l e c t i o n by s y s t e m a t i c sampling and
amino a c i d a n a l y s i s . I t would a l s o b e u s e f u l
t o d i s c o v e r i f s i g n i f i c a n t v a r i a t i o n e x i s t s
among v a r i e t i e s in t h e p r o p o r t i o n s o f t h e main
p r o t e i n f r a c t i o n s p r e s e n t 1n t h e seed. The
group is not prepared to recommend whether
t h i s work be undertaken at ICRISAT or under
c o n t r a c t by some o t h e r competent i n s t i t u t i o n .
Protein Digestibility
Some evidence suggests t h a t t h e r e may be
some v a r i a t i o n in t h e d i g e s t i b i l i t y o f p r o t e i n
among d i f f e r e n t legume v a r i e t i e s . F u r t h e r
s t u d i e s on t h i s m a t t e r s h o u l d be encouraged
p r o b a b l y under c o n t r a c t to some competent
research i n s t i t u t i o n .
Carbohydrate Digestibility
Since the carbohydrate of the legumes
makes a c o m p a r a t i v e l y s m a l l c o n t r i b u t i o n to
t h e t o t a l d i e t , t h e group does n o t recommend
a major s t u d y i n t o legume c a r b o h y d r a t e
d i g e s t i b i l i t y even though some v a r i a b i l i t y
has been r e p o r t e d .
Polyphenol Content
Research s h o u l d be encouraged to d i s c o v e r
whether o r n o t t h e dark seed coated v a r i e t i e s
of chickpea and plgeonpea c o n t a i n p o l y p h e n o l s
and t o what e x t e n t t h e s e p o l y p h e n o l s i m p a i r
t h e n u t r i t i o n a l q u a l i t y o f t h e legumes. I f
polyphenols e x i s t o n l y 1 n t h e seed c o a t s , the
need t o breed f o r low polyphenol c o n t e n t would
b e i m p o r t a n t where i t i s customary t o e a t t h e
whole seed r a t h e r t h a n t h e d e h u l l e d c o t y -
ledons.
Cooking Quality
I t i s i m p o r t a n t t h a t t h e c o o k i n g q u a l i t y
o f the s u p e r i o r breeder's l i n e s b e determined.
The r a t e of w a t e r a b s o r p t i o n and t h e t i m e
r e q u i r e d f o r cooking w i l l i n f l u e n c e t h e
a c c e p t a b i l i t y i n the eyes o f consumers.
Methods for Breeders
I t i s i m p o r t a n t t h a t t h e methods o f
a n a l y s i s , b i o l o g i c a l e v a l u a t i o n and c o o k i n g
q u a l i t y be s t a n d a r d i z e d between ICRISAT and
a l l o f i t s c o o p e r a t i v e s t a t i o n s . I t i s
suggested t h a t a small w o r k i n g group be
assembled to draw up a g u i d e l i n e f o r legume
breeders t o b e adopted b y a l l w i t h which
ICRISAT is c o o p e r a t i n g and exchanging breed-
i n g m a t e r i a l s .
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HIGHLIGHTS OF THE WORKSHOP
L. ft. House1
INTRODUCTION
There has been a growing concern about
t h e p r o d u c t i o n o f v a r i o u s legume c r o p s ,
p a r t i c u l a r l y f o l l o w i n g t h e a v a i l a b i l i t y o f
h i g h y i e l d i n g v a r i e t i e s o f wheat and r i c e .
T h i s concern a r i s e s in p a r t because legumes,
which g i v e e f f e c t i v e n u t r i t i o n a l balance t o
c e r e a l s in t h e d i e t , have d e c l i n e d in acreage
in some l o c a t i o n s as t h e area sown to wheat
i n c r e a s e s . A l s o , t h e f a c t t h a t h i g h y i e l d i n g
v a r i e t i e s o f wheat and r i c e have been i d e n t i -
f i e d s t i m u l a t e s t h e t h o u g h t t h a t t h e same
t h i n g can be done f o r legumes if o n l y t h e
e f f o r t i s made t o do t h e necessary r e s e a r c h .
T h i s m e e t i n g , as a f u n c t i o n of ICRISAT, re-
f l e c t s t h i s concern and t h e d e d i c a t i o n t o g e t
o n w i t h t h e j o b .
Meetings such a s t h i s a r e o r g a n i z e d f o r
t h e purpose o f b r i n g i n g t o g e t h e r s c i e n t i s t s o f
common i n t e r e s t t o meet each o t h e r and t o
exchange I n f o r m a t i o n and i d e a s . T h i s meeting
has b r o u g h t t o g e t h e r s c i e n t i s t s f r o m a l l over the
w o r l d and I a m s u r e a l l agree t h a t t h e oppor-
t u n i t y t o observe t h e developments a t ICRISAT
and to p a r t i c i p a t e 1n t h e meeting has been
most u s e f u l . H o p e f u l l y , t h i s w i l l o n l y be t h e
f i r s t meeting o f s c i e n t i s t s i n t e r e s t e d i n t h e
improvement of chickpeas and pigeonpeas and
t h a t more w i l l f o l l o w — p o s s i b l y on a p e r i o d i c
b a s i s .
The conference has been o r g a n i z e d so t h a t
v a r i o u s sessions have c o n c e n t r a t e d on t h e
major d i s c i p l i n e s i n v o l v e d in t h e improvement
o f t h e s e c r o p s .
Reports were p r e s e n t e d by i n d i v i d u a l s
r e p r e s e n t i n g v a r i o u s areas o f t h e w o r l d . I t
1s apparent f r o m t h e s e d i s c u s s i o n s t h a t many
r e s e a r c h programs f o r t h e improvement o f these
crops a r e r e l a t i v e l y new. T h i s i n i t s e l f r e -
f l e c t s t h e i n c r e a s e d concern f o r t h e improve-
ment of legumes.
A number o f i n t e r e s t i n g p o i n t s were made.
Mechanical h a r v e s t i n g is of i m p o r t a n c e in many
growing r e g i o n s , and m o d i f i c a t i o n o f p l a n t s
f o r mechanical h a r v e s t i n g becomes i m p o r t a n t .
For example, t h e m o d i f i c a t i o n o f chickpeas t o
l a r g e r , e r e c t p l a n t s w i t h pods o f u n i f o r m
m a t u r i t y s i t u a t e d in t h e upper branches were
c o n s i d e r e d i m p o r t a n t m o d i f i c a t i o n s . P l a n t s o f
pigeonpea w i t h pods o f more u n i f o r m m a t u r i t y
c l u s t e r e d a t t h e t o p o f e a r l i e r m a t u r i n g
p l a n t s were c h a r a c t e r i s t i c s c o n s i d e r e d d e s i r -
a b l e f o r m e c h a n i z a t i o n . Row s p a c i n g and p l a n t
p o p u l a t i o n were f a c t o r s o f i n t e r e s t ; w i t h
pigeonpea, t h e use o f s m a l l e r p l a n t s a t h i g h e r
p o p u l a t i o n s was mentioned. Weed c o n t r o l i s
i m p o r t a n t and 1t 1s apparent t h a t s e v e r a l
h e r b i c i d e s have been used e f f e c t i v e l y ; b u t it
i s a l s o apparent t h a t a h e r b i c i d e used i n one
l o c a t i o n may not be e f f e c t i v e in a n o t h e r .
C a r e f u l e v a l u a t i o n a t each l o c a t i o n i s i m p o r -
t a n t . The need f o r t r a i n i n g o f r e s e a r c h
personnel was mentioned.
NUTRITIONAL PROBLEMS
N u t r i t i o n a l problems a r e i m p o r t a n t aspects
of legume improvement as t h e y a r e g e n e r a l l y
consumed w i t h c e r e a l s and in t h i s c o m b i n a t i o n
g i v e b e t t e r balance t o human p r o t e i n r e q u i r e -
ments. I t was s t r e s s e d t h a t improvement i n
t h e q u a n t i t y and q u a l i t y o f legume p r o t e i n s
s h o u l d b e i m p o r t a n t aspects o f c r o p improve-
ment programs.
Breeding f o r improved p r o t e i n q u a l i t y i n
c e r e a l s was s t i m u l a t e d w i t h t h e I d e n t i f i c a t i o n
o f s i n g l e r e c e s s i v e f a c t o r s r e s u l t i n g i n a 
d e s i r a b l e s h i f t i n t h e c o n c e n t r a t i o n o f f r a c -
t i o n s o f s t o r a g e p r o t e i n s . T h i s c o n c e n t r a t i o n
change r e s u l t e d in a h i g h e r l y s i n e c o n t e n t .
I n t e r e s t i n g l y , genes in s e v e r a l c e r e a l crops
r e s u l t i n g i n i n c r e a s e d l y s i n e c o n t e n t have
been o b t a i n e d f o l l o w i n g t r e a t m e n t w i t h
mutagenic agents.
Simple s e l e c t i o n f o r h i g h e r p r o t e i n o r
h i g h e r c o n c e n t r a t i o n o f s u l f u r amino a c i d s o r
t r y p t o p h a n , i f undertaken i n legumes, s h o u l d
be accompanied by o t h e r t y p e s of r e s e a r c h .
The sampling problem and e n v i r o n m e n t a l I n t e r -
a c t i o n s c o m p l i c a t e p r o t e i n a n a l y s i s . Simple
s e l e c t i o n f o r h i g h p r o t e i n may r e s u l t i n a 
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p o o r e r q u a l i t y p r o t e i n , and f o o d p r e p a r a t i o n ,
t a s t e c h a r a c t e r i s t i c s and market v a l u e a r e a l l
i m p o r t a n t aspects o f q u a l i t y c o n s i d e r a t i o n s .
N i t r o g e n f e r t i l i z a t i o n and n i t r o g e n f i x a t i o n
i n r e l a t i o n t o y i e l d and c o m p o s i t i o n a r e
f a c t o r s o f i n t e r e s t . P r o t e i n a v a i l a b i l i t y i s
t h e most i m p o r t a n t n u t r i t i o n a l t r a i t . However,
p o s s i b l e l i m i t a t i o n s i n d i g e s t i b i l i t y because
o f p o l y p h e n o l i c compounds, t h e presence o f
f l a t u l a n t s and I n h i b i t o r s which may or may n o t
be d e s t r o y e d by p r o c e s s i n g , and c o o k i n g q u a l -
i t y were a l l mentioned i n d i c a t i n g t h a t q u a l i t y
c o n s i d e r a t i o n s g o beyond p r o t e i n e v a l u a t i o n .
The development o f u s e f u l t e c h n i q u e s f o r cook-
i n g q u a l i t y and t h e a c c u m u l a t i o n o f v a r i o u s
f o o d p r e p a r a t i o n procedures o f t h e s e legumes
around t h e w o r l d would b e u s e f u l I n f o r m a t i o n
t o have a v a i l a b l e i n a d d i t i o n t o t h e a n a l y t i c a l
t e c h n i q u e s c u r r e n t l y b e i n g p u b l i s h e d b y t h e
PAG. C o o p e r a t i o n o f ICRISAT w i t h n u t r i t i o n a l
l a b o r a t o r i e s i n I n d i a and i n o t h e r c o u n t r i e s
was emphasized.
GERMPLASM COLLECTION
C o l l e c t i o n , maintenance and e v a l u a t i o n o f
germplasm is r e c o g n i z e d as an i m p o r t a n t
f u n c t i o n . S t r e s s was p l a c e d on t h e need to
undertake c o l l e c t i o n s in Turkey soon as o l d e r
t y p e s are b e i n g r e p l a c e d . I n t e r e s t was
expressed i n t h e c o l l e c t i n g o f c u l t i v a t e d and
w i l d species and, i n t h e case o f pigeonpea,
r e l a t e d genera. Some r e o r g a n i z a t i o n o f t h e
taxonomy of t h e pigeonpeas and r e l a t e d genera
may be u s e f u l .
I t was r e p o r t e d t h a t t o d a t e t h e r e has
been n o success w i t h i n t e r s p e c i f i c h y b r i d i z a -
t i o n i n t h e genus C i c e r and i t was emphasized
t h a t more a t t e n t i o n s h o u l d b e g i v e n t o t h i s
a s p e c t .
C o l l e c t i n g i s c o m p l i c a t e d b y s e v e r a l
f a c t o r s ; p o l i t i c a l c o n s i d e r a t i o n s , d i f f i c u l t y
i n r e a c h i n g i n a c c e s s i b l e l o c a t i o n s , and t h e
d i f f i c u l t y o f b e i n g o n l o c a t i o n a t t h e r i g h t
t i m e t o a d e q u a t e l y c o l l e c t a n a r e a . The
i m p o r t a n c e o f r e s i d e n t c o l l e c t o r s and t h e i r
t r a i n i n g was mentioned. I n t e r e s t c e n t e r e d o n
t h e c o l l e c t i o n o f unimproved t y p e s , b u t t h e
need t o m a i n t a i n a c o l l e c t i o n o f improved
v a r i e t i e s and of c r e a t i n g a gene bank was
mentioned. The maintenance of t h e whole c o l -
l e c t i o n a t more t h a n one l o c a t i o n was s t r e s s e d
f o r purpose o f p r o t e c t i o n . I n a d d i t i o n ,
p o o l i n g o f germplasm i n t o composites f o r
germplasm maintenance was mentioned and, in-
t e r e s t i n g l y , t h e e s t a b l i s h m e n t o f "gene parks''
t o p e r m i t c o n t i n u e d e v o l u t i o n o f c o l l e c t i o n s
was suggested.
I t i s r e c o g n i z e d t h a t c o l l e c t i o n s must b e
p e r i o d i c a l l y i n c r e a s e d and t h a t t h i s i n c r e a s e
s h o u l d be undertaken in an area w i t h s i m i l a r
environment t o t h a t f r o m which t h e c o l l e c t i o n
came. The a v a i l a b i l i t y of w o r k i n g c o l l e c t i o n s
at a few l o c a t i o n s in t h e w o r l d m i g h t be
c o n s i d e r e d ; t h i s may have v a l u e in s i m p l i f y i n g
t h e problems o f d i s t r i b u t i o n . P o s s i b l y t h e
f u n c t i o n s of a gene p a r k , maintenance of
adapted c o l l e c t i o n s , and the housing o f working
c o l l e c t i o n s c o u l d b e t i e d t o t h e a c t i v i t i e s o f
m a j o r o u t r e a c h l o c a t i o n s o f ICRISAT.
D e s c r i p t i o n and e v a l u a t i o n o f germplasm
c o l l e c t i o n s i s v a l u a b l e f o r t h e i r most e f f e c -
t i v e use. The s e v e r a l t e c h n i q u e s d e s c r i b e d b y
Dr. Murty are u s e f u l i n i d e n t i f y i n g r e l a t i o n -
s h i p s . A system c a l l e d TAXIR has been deve-
l o p e d t o s t a n d a r d i z e and c o m p u t e r i z e i n f o r m a -
t i o n accumulated b y s c i e n t i s t s anywhere
w o r k i n g w i t h a c o l l e c t i o n . S e r i o u s c o n s i d e r a -
t i o n s h o u l d b e g i v e n t o u s i n g t h i s system a s
i t has r e c e i v e d c o n s i d e r a b l e a t t e n t i o n and a n
e f f o r t is bei n g made t o develop a s t a n d a r d
system f o r use o n a l l c r o p s . The c o l l e c t i o n
of r h i z o b i a l b a c t e r i a by ICRISAT has been
suggested.
BREEDING PROCEDURES
The d i s c u s s i o n s on p l a n t b r e e d i n g
i n d i c a t e d t h a t t h e r e 1 s c o n s i d e r a b l e s e a r c h i n g
f o r t h e b e s t b r e e d i n g procedures t o use. I t
was p o i n t e d o u t t h a t some fundamental s t u d i e s
on procedures would be v a l u a b l e . P o p u l a t i o n s
have been used e x t e n s i v e l y in t h e improvements
o f c e r e a l s . T h e i r v a l u e a s means o f i n c r e a s -
i n g t h e r a t e o f r e c o m b i n a t i o n and t h e oppor-
t u n i t y t o s e l e c t s u p e r i o r recombinates i n
c y c l e s o f s e l e c t i o n was i n d i c a t e d . The r a t e
o f r e c o m b i n a t i o n i s i n c r e a s e d a s o u t c r o s s i n g
w i t h i n t h e p o p u l a t i o n i n c r e a s e s and male
s t e r i l i t y i s u s e f u l l y i n c o r p o r a t e d i n t o com-
p o s i t e s . I n t e r e s t i n g l y , male s t e r i l i t y in 
pigeonpeas has been found. I t was p o i n t e d o u t
t h a t r e p e a t e d s e l e c t i o n o f male s t e r i l e t y p e s
i n a p o p u l a t i o n o f a p r i m a r i l y s e l f - p o l l i n a t e d
c r o p may r e s u l t in some l o s s o f f i t n e s s .
S e v e r a l p o p u l a t i o n systems t h a t a r e b e i n g
e v a l u a t e d a t I I T A , which may b e u s e f u l i n
o t h e r legume b r e e d i n g programs, were o u t l i n e d .
I t was r e c o g n i z e d t h a t v a r i a t i o n can b e
i n c r e a s e d b y u s i n g accessions- f r o m c o l l e c t i o n s
and by t h e use of mutagenic agent's. The use
of w i l d t y p e s was mentioned as v a l u a b l e as a 
p o s s i b l e method o f i n c r e a s i n g y i e l d . The
a v a i l a b i l i t y o f gametocides would b e v e r y
h e l p f u l 1n making crosses and a search f o r
them may be r e w a r d i n g .
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Advances in c r o p p r o d u c t i o n r e s u l t i n g
f r o m s i n g l e gene changes was mentioned s e v e r a l
t i m e s . Emphasis was p l a c e d o n u s e f u l r e s u l t s
t h a t are f o r t h c o m i n g f r o m t h e s o - c a l l e d
" t r a d i t i o n a l b r e e d i n g t e c h n i q u e s " . The breed-
i n g program d e s c r i b e d f o r soybeans is a beau-
t i f u l example o f t h e improvement p o s s i b l e by
s c r e e n i n g f o r disease and i n s e c t r e s i s t a n c e
coupled w i t h p e d i g r e e s e l e c t i o n . I t was i n d i -
c a t e d t h a t o n l y a few chickpea v a r i e t i e s
s e l e c t e d f r o m F 2 p o p u l a t i o n s have been r e l e a s e d
i n I n d i a . The problem a p p a r e n t l y r e l a t e d t o
" e y e b a l l s e l e c t i o n " o f the p a r e n t s and b e t t e r
r e s u l t s a r e b e i n g r e a l i z e d 1 f t h e p a r e n t s a r e
s e l e c t e d based o n t h e i r combining a b i l i t y .
A g r e a t e r g a i n was r e a l i z e d from s e l e c t i o n s
from double crosses t h a n f r o m s i n g l e crosses.
S e l e c t i o n f r o m b i p a r e n t a l crosses made in t h e
F2 was u s e f u l p a r t i c u l a r l y 1f t h e crop was
grown w i t h good l e v e l s o f f e r t i l i t y and i r r i -
g a t i o n . The i m p o r t a n c e o f s t a b i l i z i n g y i e l d
by adding one by one such f a c t o r s as drought
t o l e r a n c e , disease r e s i s t a n c e , e t c . , was
s t r e s s e d .
I t i s r e c o g n i z e d t h a t t r a d i t i o n a l breed-
i n g t e c h n i q u e s are u s e f u l per se and in con-
j u n c t i o n w i t h t h e use o f p o p u l a t i o n s . A 
balanced approach e x p l o i t i n g g e n e t i c v a r i a t i o n
by bot h t h e more t r a d i t i o n a l b r e e d i n g proce-
dures and p o p u l a t i o n improvement appears to be
r e l e v a n t .
BREEDING OBJECTIVES
Numerous b r e e d i n g o b j e c t i v e s were men-
t i o n e d : y i e l d , d i s e a s e , i n s e c t , and d r o u g h t
t o l e r a n c e , q u a l i t y , n i t r o g e n f i x a t i o n , and
f a c t o r s r e l a t e d t o mechanical h a r v e s t i n g .
. Harvest Index was mentioned as a c r i t e r i o n f o r
t h e s e l e c t i o n o f p l a n t s w i t h h i g h e r e f f i c i e n c y .
E v a l u a t i o n o f germplasm a t s e l e c t e d l o c a t i o n s
in t h e w o r l d to keep b r e e d i n g o b j e c t i v e s
focused o n problems in v a r i o u s l o c a t i o n s was
mentioned a s i m p o r t a n t f o r i n t e r n a t i o n a l
i n s t i t u t e s such as ICRISAT. The l e v e l s of
management to be used w h i l e b r e e d i n g was
d i s c u s s e d . G e n e r a l l y , i t was f e l t t h a t t h e
n u r s e r y s h o u l d be grown under c o n d i t i o n s of
h i g h f e r t i l i t y and adequate m o i s t u r e . This i s
based o n wide e x p e r i e n c e t h a t v a r i e t i e s which
p e r f o r m w e l l under good c o n d i t i o n s w i l l p e r f o r m
b e t t e r under poorer c o n d i t i o n s t h a n l i n e s
which have been s e l e c t e d only under poor
c o n d i t i o n s . I t i s r e c o g n i z e d t h a t n u r s e r i e s
designed t o s e l e c t f o r p a r t i c u l a t r a i t s , such
as drought t o l e r a n c e , would have to be grown
under such c o n d i t i o n s so t h a t t h e t r a i t i s
s a t i s f a c t o r i l y expressed. L i m i t e d P r o t e c t i o n
a g a i n s t i n s e c t pests and diseases s h o u l d be
used in t h e b r e e d i n g n u r s e r y in o r d e r not to
reduce t h e s e l e c t i o n o p p o r t u n i t y . , Y i e l d
e v a l u a t i o n s h o u l d b e undertaken a t s e v e r a l
l o c a t i o n s and under c o n d i t i o n s o f f a r m e r
c u l t i v a t i o n .
ICRISAT, w i t h I t s w o r l d w i d e c o n t a c t s ,
might c o n s i d e r encouraging and a s s i s t i n g w i t h
t h e development o f o f f - s e a s o n b r e e d i n g o p p o r t u -
n i t i e s i n v a r i o u s p a r t s o f the w o r l d where
these would be u s e f u l .
I t was p o i n t e d o u t t h a t i n many i n s t a n c e s
good y i e l d i n g v a r i e t i e s are a v a i l a b l e and t h a t
i n c r e a s e s i n y i e l d i n t h e f a r m i n g community
are p o s s i b l e t h r o u g h t h e a d o p t i o n o f improved
agronomic p r a c t i c e s . The f a c t t h a t legume
crops are f r e q u e n t l y i n t e r s o w n w i t h o t h e r crops
was mentioned; t h i s p r a c t i c e has developed as
a form o f s u b s i s t e n c e a g r i c u l t u r e b u t i t 1 s a 
u s e f u l procedure i n i n t e n s i f y i n g p r o d u c t i o n .
Legumes a r e a l s o used 1n r o t a t i o n s and where
m o i s t u r e i s a v a i l a b l e a s p a r t o f i n t e n s i v e
c r o p p i n g systems. N i t r o g e n f i x a t i o n was
disc u s s e d and, i n t e r e s t i n g l y , t h e a b i l i t y o f
some p l a n t s to t a k e up phosphorus f r o m v e r y
poor s o i l s was mentioned. A s t u d y of t h e
r e l a t i o n s h i p o f legume p l a n t s t o s o i l m i c r o o r -
ganisms was suggested.
The work on soybean improvement d e s c r i b e d
a n i n t e n s i v e , s u s t a i n e d and s y s t e m a t i c e f f o r t
a t crop improvement. Diseases l i m i t i n g y i e l d
were i d e n t i f i e d , i n d i v i d u a l l y s o l v e d and
combined t o produce h i g h e r y i e l d i n g more
s t a b l e v a r i e t i e s . I t was p o i n t e d o u t t h a t
some 35 pathogenic organisms on chickpea and
47 on pigeonpea have been i d e n t i f i e d of which
f o u r on chickpea and two on pigeonpea have
been found to be of major i m p o r t a n c e .
PEST CONTROL
I n s e c t pests are i m p o r t a n t f a c t o r s l i m i -
t i n g p r o d u c t i o n . I t was p o i n t e d o u t t h a t
damage b y i n s e c t s t o seeds i n s t o r a g e i s
i m p o r t a n t t o c o n s i d e r a l o n g w i t h damage t o t h e
crop in t h e f i e l d . Importance was p l a c e d on
m i n i m i z i n g t h e use of i n s e c t i c i d e s as much as
p o s s i b l e b e g i n n i n g w i t h t h e r e s e a r c h program
i t s e l f . I n t h i s r e g a r d , agronomic p r a c t i c e s
i n c l u d i n g such f a c t o r s a s date o f sowing were
c o n s i d e r e d i m p o r t a n t . The p o s s i b l e use of
v i r u s e s i n i n s e c t c o n t r o l was mentioned. I t
was c o n s i d e r e d i m p o r t a n t t o e v a l u a t e b r e e d i n g
s t o c k s e a r l y i n t h e improvement program r a t h e r
than t o simply see what the s u s c e p t i b i l i t y
p a t t e r n i s i n advanced b r e e d i n g m a t e r i a l .
A good team of s c i e n t i s t s to focus on
major problems of c h i c k p e a and pigeonpea p r o -
d u c t i o n is now at ICRISAT.and we w i s h them w e l l .
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REMARKS ON BREEDING CHICKPEAS AND




1. The e c o l o g i c a l c o n d i t i o n s in many semi-
a r i d r e g i o n s o f t h e t r o p i c s a r e e x t r e m e l y
hazardous, m a i n l y because o f the u n c e r t a i n t y
o f r a i n f a l l which changes from y e a r t o y e a r
and shows an uneven d i s t r i b u t i o n w i t h i n each
r a i n y season.
2. These c l i m a t i c hazards p r o h i b i t h i g h
i n p u t s i n t o t h e p r o d u c t i o n o f c r o p s , s i n c e
i t i s u n c e r t a i n i f reasonable r e t u r n s w i l l b e
o b t a i n e d .
3 . S o i l c o n d i t i o n s i n s e m i a r i d r e g i o n s f r e -
q u e n t l y a r e f a r f r o m s a t i s f a c t o r y . D e f i c i e n c y
o f a v a i l a b l e P i s t h e r u l e . T h e r e f o r e , crops
demanding a h i g h i n p u t o f f e r t i l i z e r P ar e
u n d e s i r a b l e f o r these r e g i o n s .
4. Breeders g e n e r a l l y have to t e s t t h e gene-
t i c p o t e n t i a l o f t h e i r m a t e r i a l i n f a v o r a b l e
c o n d i t i o n s o f n u t r i e n t s u p p l y . V a r i e t i e s
developed in these c o n d i t i o n s may be u n s u l t e d
f o r t h e growing c o n d i t i o n s i n many d e v e l o p i n g
c o u n t r i e s , not o n l y because t h e necessary
resources are u n a v a i l a b l e , b u t a l s o because
e c o l o g i c a l c o n d i t i o n s d o n o t j u s t i f y t h e
i n p u t s . Consequently, breeders s h o u l d t e s t
t h e i r m a t e r i a l f o r a d a p t a b i l i t y t o low s o i l
f e r t i l i t y and o t h e r agronomic shortcomings.
ABSORPTION OF P 
C o n f i n i n g m y s e l f t o t h e problem o f P 
uptake f r o m s o i l s low i n s o - c a l l e d a v a i l a b l e
P, I s h o u l d l i k e to mention t h r e e examples:
(a) a t t h e I n s t i t u t e o f T r o p i c a l and Sub-
t r o p i c a l Crops Husbandry in G o e t t i n g e n , we are
w o r k i n g on the e x c e p t i o n a l f e e d i n g power of
some t r o p i c a l weeds ( e . g . . Eupatorium
odoratum). We found t h a t t h e y a r e a b l e to
t a k e up P from v a r i o u s forms of water
i n s o l u b l e phosphates. This a b i l i t y i s due t o
m y c o r r h i z a l symbionts (Endogone spp.) and,
p r o b a b l y , t h e a s s o c i a t i o n w i t h o t h e r m i c r o -
organisms i n t h e r h i z o s p h e r e . ( b ) I n T h a i l a n d
a r i c e v a r i e t y was found which y i e l d e d l t o n
of paddy on a s o i l which was so poor in
a v a i l a b l e P t h a t o t h e r r i c e v a r i e t i e s y i e l d e d
n o t h i n g , ( c ) Many y e a r s ago we found in South
A f r i c a t h a t s o i l showing n o a v a i l a b l e P w i t h
any o f th e methods used i n s o i l a n a l y s i s ,
s t i l l produced reasonable y i e l d s o f s e v e r a l
crop species.
RESEARCH SUGGESTIONS
1. These experiences may l e a d to methods of
s o l v i n g t h e problem o f o b t a i n i n g f a i r y i e l d s
1n low i n p u t a g r i c u l t u r e , a t l e a s t w i t h some
crops. T o e x p l o i t t h i s p o s s i b i l i t y 1 s p r i -
m a r i l y the t a s k o f t h e a g r o n o m i s t , p l a n t
p h y s i o l o g i s t and s o i l m i c r o b i o l o g i s t . But
t h e p l a n t breeder can c o n t r i b u t e a g r e a t deal
by s e l e c t i n g p l a n t s w i t h a h i g h f e e d i n g power,
o p e r a t i n g d i r e c t l y o r v i a t h e a s s o c i a t i o n w i t h
microorganisms.
2. Consequently I s h o u l d l i k e to suggest
t h a t ICRISAT i n c l u d e i n t h e i r program t h e
b r e e d i n g o f v a r i e t i e s adapted t o low f e r t i l i t y
s o i l s and t o o t h e r e c o l o g i c a l hazards.
ICRISAT i s t h e o n l y one o f t h e I n t e r n a t i o n a l
a g r i c u l t u r a l r e s e a r c h I n s t i t u t e s devoted t o
c r o p p r o d u c t i o n i n s e m l a r i d r e g i o n s and might
pay p a r t i c u l a r a t t e n t i o n t o ways o f u s i n g t h e
b i o l o g i c a l p o t e n t i a l o f t h e ecosystem o f r a i n -
f e d a g r i c u l t u r e w i t h t h e goal o f m i n i m i z i n g
t h e e c o l o g i c a l hazards and economic
l i m i t a t i o n s i n d r y areas.
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